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POSTGLACIAL VOLCANIC ASH 


AUGUST 1966 


IN THE ROCKY MOUNTAIN 


PIEDMONT, MONTANA AND ALBERTA 


By LELAND HorBERG AND RICHARD A. ROBIE 


ABSTRACT 


A volcanic ash layer, which occurs in postglacial alluvium and colluvium at several 
localities in southern Alberta and northwestern Montana, is named the Galata ash. The 
stratigraphic relations and physical properties of the ash indicate a single episode of 


volcanic activity and possible correlation with 


an ash layer in southwestern Glacier Park 


assigned on the basis of pollen analyses to the postglacial Xerothermic period. 
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INTRODUCTION 


A widespread volcanic ash layer in post- 
glacial deposits of the Northern Rocky Moun- 
tain piedmont is a possible key bed and is of 
particular interest because it occurs along a 
probable important migration route of early 
man into the interior of the continent. 

The ash layer was first noted in a single ex- 
posure near Monarch, Alberta, in 1951 (Hor- 
berg, 1952a; 1952b, p. 317). Subsequently six 
additional localities were discovered, so that 
at present the ash appears to be present over 
an area of at least 15,000 square miles (Fig. 1). 
Since physical properties and geologic occur- 
rence indicate a correlative age, the ash is here 
named the Galata ash! and locality 1 (Fig. 1; 
Table 1) is designated as the type locality. 





‘If correlations with the postglacial ash from 
Glacier Peak, Washington, are established by later 
studies, this name should be dropped and the term 
Glacier Peak ash should be adopted. 
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Field observations were made in connection 
with regional Pleistocene studies supported by 
grants from the Penrose Bequest of The Geo- 
logical Society of America and from the Uni- 
versity of Chicago. 


GEOLOGIC OCCURRENCE 


The ash layer occurs within postglacial al- 
luvial and colluvial deposits which rest un- 
conformably on glacial deposits of probable 
Cary age (Horberg, 1954, p. 1140). It ranges in 
thickness from 3 to 15 inches and lies 3-12 feet 
below the surface. 

At the type locality the ash is found within 
an alluvial sequence that includes both flood- 
plain and channel deposits ( Pl. 1, fig. 2). The 
sequence is unconformable on the underlying 
Cary till and an erosion surface truncates the 
upper part of the section so that there is not 
a complete postglacial record. The sequence 
itself displays no apparent unconformities and 


950 HORBERG AND ROBIE—POSTGLACIAL VOLCANIC ASH 





the deposits probably record more or less con- _ layers, unlike the humus zones at locality 3 
tinuous alluviation by Willow Creek and pos- are secondary deposits from coal and carbo. 
sibly by a small tributary from the west. The naceous shale beds which occur on the slope 
ash layer has a maximum thickness of 15 inches above. 
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FicurE 1.—InpEx Map SHowrnc Gatata AsH LOCALITIES 
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FiGuRE 2.—TypEe SEcTION AT GALATA, MONTANA Pas 
Nos. 1, 2, 3—alluvial silt; no. 4—Galata ash; nos. 5-10—alluvial clay, silt and sand; no. 11—glacial til 


(See Table 2.) 

and occurs within a pseudo-syncline represent- In the section east of Woolford at locality 
ing overbank fill of a former stream channel (Fig. 3; Table 4) the ash is in a colluvial clay 
(Table 2). overlain by alluvial silts. The colluvium is dis 


At locality 2 the ash occurs 11 feet below tinguished from the alluvium by its pooret 
the surface in a sequence of slope deposits of sorting, the presence of scattered pebbles, an¢ 
local derivation (Table 3). The deposits are the absence of clearly defined stratification. 
noncalcareous which indicates that they were Similar relations are found at localities 4 and 5. 
derived largely from the leached zone of surface At locality 6, south of the town of Pincher 
soils and from local outcroppings of noncal- Creek, the ash occurs within a gray colluvial 
careous Cretaceous bedrock. The carbonaceous clay 3 feet below the surface. A well-defined 
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GEOLOGIC OCCURRENCE 


TABLE 1.—SumMMARY OF GALATA AsH PROPERTIES 


Numbers refer to localities in Figure 1 
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Johns 
1 2 3 4 6 7 ane. 
Park 
Indices of refraction........ 1.510 | 1.507 1.518 1.505 1.515 1.507 about 
+.005 | +.005) +.005 + .005 +.005 +.002 | 1.515 
OO aiegit aisle oon en silt silt silt silt very-fine silt silt 
sand 
Composition (%) : 
CM sastiicesnnesn Sapiens 65 93 94 95 90 90 5 
PMO niateitie cio erwcnaeistek 20 Oe a ry ee rece 1 A Cc 
Andesine-labradorite 15 5 5 4 8 A Cc 
Hornblende.............. x x ? x x< A a3 
Ce a oer x 1 1 x nn rere x 
Magnetite............... x x x x x x Cc 
RS a stanisiecceacal amacc ? Bee} WE aia x Cc 
MMM <5. cosiacncSseaSasiedl aac Ml eee Ob nemevee I) seassels me OW Seto 
DE i nnsonsadl seas "Wace: Declares Ml raterus : are 
LO ee oes Meer ema! Beas Raby ets ger erer eas une x 
BN iste wie olsen ED, fopiette Maat (INN ee aan ee attanicd, See srianrs x 
WEE. Shia kcceucatae st” <icectee dwiieiear ll) Geeecey Lh canons MP eayies x 
MMMM. oo: sececcvctasdrecstacaiMwieanclad Up Rea iete: UWI ceaissieide Hh Ie sieieion ay Ot) Mahe ee x 
crests Sakwtceen, ledravis, Nie eas rill oweiawie ph —edarectan Ih chests x 
NNER. 4 Ridin cB cieseaitcnll bc wkan APT eee) oeetastee eal cateriserea Hs eaiene x 
OR chr omcrbacccly Saute vata Wl cathe Wi owantenas Wn wesaie x 
IDS 5.505. civaivivizesealy Mew ieran ft alates) Hl ce ewcaate Ph Gkeeareeen Ml eeeiean x five 
MG isin tba U a alia. ccal Ml Gaemie AP asuresten Ul ices: ML sarecdiaae I) Geeeane 90 
Shard type (Fig. 4): 
| ee ee 2 4.261 3,2 1, 2.3 ome 0 OE eee 9 
LAER AA apes Perr 13,4149 4,5 6, 7,9 i ere re 
6,9 
Color grayish | salmon | purplish | purplish | purplish | purplish 
white gray gray gray white 
Tenkneay Gia.) oe. os.5.0.0.5 5000-0: 15 3 6 8 3 6 Oe 
Depth below surface (ft.) 9 11 12 8 3 6 10 
Deposit : 
PIM osc do. cs ravecree x seer Wt Caskets WP cosioeene “il ves eean x 
CN iccsicccesical) ose x x x : a eer shi 
DN iiocieessctisseal atisce dt Weak JM cata sas Unease Bh Saas BO Gncececs x 























N. 4, T.3, R.23 


Locations (See Fig. 1) 
1, Galata, Montana; along Willow Creek and Highway 2, 0.75 miles W. of town 
2. South of Cardston, Alberta, along Boundary Creek; NW. corner, sec. 11, T.1, R.26 
3. Woolford, Alberta; along Alberta Railway and Irrigation Canal; SE. corner, sec. 1, T.3, R.24 

4. Between Woolford and Spring Coulee, Alberta, along Alberta Railway and Irrigation Canal; center of 


5. Spring Coulee, Alberta; along Alberta Railway and Irrigation Canal; NW 4, sec. 21, T.4, R.23 
6. Pincher Creek; 0.5 miles S. of town; SE. corner, NE. \%, sec. 15, T.6, R.30 


7. Monarch; along Oldman River; center, NW. 14, sec. 26, T.9, R.23. 


A, abundant; C, common; X, present 
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TABLE 2.—Type SECTION AT GALATA, MONTANA 
(Figs. 1, 2; Pl. 1) 








Thick- 








Deposits ness Depth 
Postglacial Xerothermic (?) 
alluvium: 
(1) Silt, very clayey, light gray- 
ish brown, rudely stratified, 
PI ooo vie Since vanenaivs 3 3 
(2) Silt, clayey, light gray, 
stratified, calcareous......... 3 6 


(3) Silt and fine sand, gray, 
stratified, calcareous; small- 
scale, intricate cross-bedding 
in places; fragments of ash in 
MOWOS STMCIOB <2 cicecccens 3 9 

(4) Galata volcanic ash, gray- 
ish white, poorly stratified, 
scour and fill structures, vari- 
able thickness with pinches 
ree 1:25 

(5) Clay, blocky, light gray, | 
stratified, calcareous; discon- 
tinuous; contains blebs of 
MUNG OD. 5 6 ois icc ciwes 3 

(6) Silt, clayey, light gray, 
stratified, calcareous......... 8 

(7) Clay and silt, light gray, 
layers 0.5-3 inches, cal- 
MIN 6 de ecaancniscaeass 

(8-9) Silt, sandy, light gray, 
stratified, calcareous (8); with 
channel inset of sand, medium 
to fine, current cross-bedding.| 6 

(10) Sand, gravelly, brownish 
gray; some pebbles have lime 
coatings; a single, worn, bison | 
tooth was found in this de- 





2.5 





0.75 | 30.5 

Wisconsin Cary (?) till: | 
(11) Till, clayey, dark gray, 
calcareous; extends to stream 
er rye rr 7 





| 37.5 





soil profile on the clay (A and B horizons total 
15 inches) indicates a considerable age for the 
deposit. In section 7 the ash overlies hori- 
zontally stratified silty alluvium and is overlain 
by 6 feet of earthy, brown, silty colluvium. 
The alluvial deposits are encised by present 
streams and occur as low terraces. Colluvium 
is commonly associated and is present also as 
an extensive mantle on upland slopes where it 


HORBERG AND ROBIE—POSTGLACIAL VOLCANIC ASH 





is completely stabilized by vegetation. These | 
relations and the well-developed overlying soil . 
profile show that the deposits antedate the 

present cycle of stream and slope-wash activity | 
and were deposited under different climatic | 


TABLE 3.—SeEction SouTH OF CARDSTON, ALBERTA, 
ALONG BOUNDARY CREEK 
(Locality 2, Fig. 1) 








| Thick- 








Deposits ness —_— 
| Ut) jh) 
—— 
Postglacial Xerothermic (?) col- | 
luvium: 
ere ree | 3 3 


(2) Clay, silty, sandy, scattered | 
pebbles, grayish brown; thin, | 
carbonaceous layers, noncal- | 
Roos oer ehen: city Sawai 8 11 

(3) Galata volcanic ash, silty, 
salmon-colored, noncalcareous, 

0.25 


GMCOMEMMOUS. «0.55 osc es ss 11.25 
(4) Clay as above, sandier 

ee a er eae 6 17.25 
(5) Clay, black, carbonaceous, 

MOMCAICATOOQUS.... 0.5. cc cas. 1.5 | 18.75 


(6) Clay, silty, pebbly, gray; | 
noncalcareous except for sec- 





ondary lime near base........| 2 20.75 
Wisconsin Cary (?) outwash: 
(7) Pebble gravel, contains crys- | 
talline rocks, discontinuous...| 0.5 | 21.25 
Cretaceous bedrock: 
(8) Shale, brown, weathered....| 1 22.25 
(9) Shale, gray, unweathered, to | | 
stream level ................ | 3 25.25 
conditions. The increase in humus content 


toward the top of the sequence in many sections, 
in addition, suggests a change to more moist 
conditions in the latter part of the period of 
deposition. 


PROPERTIES OF THE ASH 


The ash is commonly purplish gray, but in 
places it may be grayish white or even flesh- 
or salmon-colored. As determined micro- 
scopically, the average grade size is a coarse 
silt, except at the Pincher Creek locality where 
very fine sand is more abundant. A mechanical 
analysis of the ash at locality 7 near Monarch 
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shows a median diameter of .05 mm, which 
places it within the coarser range of eolian 
silts (Horberg, 1952b, p. 314). 

The indices of refraction of the glass shards 
range from 1.505 + .005 to 1.518 + .005 


ash from locality 7, which clearly shows con- 
tamination, the restricted and uniform miner- 
alogy points to primary deposition. 
Characteristic shard shapes are shown in 
Figure 4, and the dominant types at various 























Ficure 3.—Gro.ocic Section East oF WooLrorD, ALBERTA 
Nos. 1-3—alluvial silts with humus layers (black); no. 4—colluvial clay with humus layer at top; no. 5— 
Galata ash; no. 6—colluvial clay; no. 7—varved silt and clay; no. 8—glacial till (See Table 4.) 





FicurE 4.—SHARD TyPES IN SILT AND FINE-SAND GRADE SIZE 
(See Table 1.) 


(Table 1), which is well within the range of 
variation of ash from a single episode of vol- 
canism. In this connection it is to be noted that 
the extreme ranges were for ash at closely ad- 
joining localities (3 and 4) where stratigraphic 
relations are essentially identical. The indices 
show that the ash was derived from a magma of 
acid composition with 70-75 per cent SiO, 
(George, 1924, p. 365). 

In the coarse-silt grade size the percentage 
of glass is between 90 and 95, except at locality 
1 where it is 65. There is an increase to es- 
sentially 100 per cent in finer grades, and a de- 
crease to about 50 per cent in the very-fine 
sand fractions where feldspar and quartz show 
a corresponding increase. 

The minerals commonly present with the 
glass include quartz, andesine-labradorite, 
biotite, green hornblende, magnetite, and en- 
Statite (Table 1). In all samples except the 


localities are given in Table 1. Fibrous, platy to 
splinter-shaped fragments (types 1 and 2) are 
dominant in the coarse-silt grades; nonfibrous 
bubble-type forms (type 6) predominate in the 
fine-silt grades; and irregular, clouded forms 
(type 9) with inclusions are the most common 
type in the fine-sand grades. 


CORRELATION AND AGE 


The similarities in geologic occurrence and 
physical properties show that the ash was 
probably deposited during a single, brief period 
of volcanic activity and that it may be usable 
as a key bed in correlating postglacial deposits. 

Volcanic ash zones in postglacial bog deposits 
have been reported by Hansen (1948; 1949a; 
1949b) from southwestern Glacier Park and 
from localities farther north near Edmonton, 
Alberta. Ash zones at these localities occur at 


¢ 
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depths of 10-16 feet, and in some localities TABLE 5.—TENTATIVE PosTGLACIAL CHRONOLOGY | 
near Edmonton a shallow ash zone occurs FOR NORTHERN Rocky MOUNTAIN PIEpMontT 
within 2 feet of the surface and also at the i. 
| 
TaBLE 4.—SecTion 3 Mites East OF Geologic record Meletive changes) Sar 
Woo.rorD, ALBERTA benaten 
Along Alberta Railway and Irrigation Canal | carbon 
(Locality 3, Fig. 1; Fig. 3) ger —_ 
Post-Xerothermic (Little 
: Thick- Ice Age): warmer 
eee Ui) “ED Recent erosion, minor 
alluviation 
Postglacial deposits: Climax of Little Ice 
Post-Xerothermic (?) alluvium: Age—deposition of cold. moiat 
(1) Silt, pebbly, sandy, dark cirque moraines, grav- . 
gray, rudely stratified; soil el fans, and valley 
WEP 5 65:5 cave caens £75. 2.28 gravels | 
(2) Silt, clayey, sandy layers, Deposition of buried | 
light grayish brown, rudely peat bed (3300 years 
stratified, humus layer at old); deposition of enigh: eiahe | 
vores tahoe etRes 2.40} 4.15 upper, humus-bearing ‘ | 
(3) Silt, as above; humus colluvium and allu- | | 
layer at top............... 4.00| 8.15 vium 
Xerothermic (?) colluvium: ;—4000- 
(4) Clay, dark gray, scattered | Xerothermic: | 
pebbles, unstratified, Maximum of colluvial 
blocky; humus layer at top| 4.00 | 12.15 deposition; | warm, dry 
(5) Galata volcanic ash, pur- Galata ash fall 
plish gray, discontinuous. ..| 0.50 | 12.65 Erosion | 
(6) Clay, as above...........| 1.50 | 14.15 j—7000- 
Wisconsin Cary (?) drift: | | Pre-Xerothermic: | cool, moist | 
Glacial lake deposit: | Soil development | | 
(7) Silt and clay, varved..... 3.00 | 17.15 | —8000- 
Kimball till: Mankato: | 
(8) Till, clayey, yellowish Valley erosion; intensi- 
brown; inclusion of varved sified frost action | cold, moist | 
es lth cmnstartctacst acter 6.00 | 23.15 (-11000- 
Two Creeks interstadial: | 
(?) Soil development | cool, moist | : 
surface. The ash near the surface is tentatively -12000- F 
attributed to the 1912 eruption of Katmai, Cary: — | 
and the lower to eruptions from Glacier Peak Continental and moun- | 
tain glaciation glacial 


in north-central Washington. On the basis of 
pollen analyses the lower ash zones and the 
ash from Glacier Peak are assigned to the post- 
glacial Xerothermic period. 

A sample from the ash zone at Johns Lake, 
Glacier National Park, kindly provided by Pro- 
fessor Hansen, contained about 90 per cent 


















































diatoms and 10 per cent volcanic glass ané 
mineral grains. The glass fragments, as far a 
determinable from clouded shards, have indices 
of refraction of about 1.515, which is within 
the range of value for the Galata ash. The f 











Pirate 1.—GALATA ASH AT TYPE LOCALITY 
FiGuRE 1.—PINCHES AND SWELLS IN AsH LAYER (WHITE) 
Alluvial silt above, alluvial clay and sand below 
FicurE 2.—CHANNEL OCCURRENCE OF AsH LAYER 
Re-entrant at right marks contact between glacial till and overlying alluvial sequence. 
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CORRELATION AND AGE 


mineral assemblage also is similar. These simi- 
larities strongly suggest a Xerothermic age 
for the Galata ash. 

Additional evidence bearing on age is pro- 
vided by the postglacial sequence in the Water- 
ton region just north of the International 
Boundary (Horberg, 1954, p. 1137-1140), where 
extensive alluvial and colluvial deposits con- 
sistently show an increase in humus layers and 
disseminated humus in their upper portions. 
At one locality along Dungarvan Creek, 10 
miles north of Waterton (NW 1/4 NW 1/4 sec. 
8, T.2, R. 29), a buried peat bed, which is 
believed to represent the upper part of the 
postglacial sequence, has been dated by radio- 
carbon as 3327 + 320 — 3261 +: 250 years old 
(Libby, 1952, p. 96, samples 606, 607). The 
peat bed is overlain by valley gravels which 
lead back into the mountains and which are 
considered equivalent to piedmont-fan gravels, 
low-level canyon gravels, and a cirque moraine 
assigned to the Little Ice Age. Wood fragments 


and plant spores from the peat bed indicate 


an ecology similar to that now existing in 
northern Canada (L. R. Wilson, 1951, Personal 
communication). 

On the basis of the character of the post- 
glacial deposits and their relations to the 
Galata ash and buried peat, a post-glacial 
chronology may be proposed. (See Table 5.) 
Much more detailed field work will be required 


955 


before such a chronology can be considered 
anything but tentative. However, the wide- 
spread occurrence of the ash layer in various 
types of deposits and favorable conditions for 
additional pollen and radiocarbon datings 
should encourage future studies in this critical 
area. 
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LAKE CHIPPEWA, A LOW STAGE OF LAKE MICHIGAN INDICATED 
BY BOTTOM SEDIMENTS 


By Jack L. Houcn 


ABSTRACT 


Core samples taken from the deeper parts of Lake Michigan show a complete sequence 
of clay deposits from glacial to present time, whereas samples taken from depths less 
than 350 feet show that a part of this deep water sequence is missing and replaced by a 
shallow-water deposit of sand and shells, overlain by normal deep-water clays. The 
shells are of species of gastropods and pelecypods whose living representatives inhabit 


water 1-15 feet deep. 


The level of this low-water stage is placed at 350 feet below the present lake surface, 
and the time of the low-water stage at post-Algonquin and pre-Nipissing. This low-level 
Lake Michigan drained through the Straits of Mackinac into a low-level Lake Huron, as 


was proposed by G. M. Stanley in 1936. 


Features of the low-water stage in the Lake Michigan basin are named Southern Lake 
Chippewa, Grand Haven River, Lake Chippewa, and Mackinac River. The low-water 
stage in the Lake Huron basin is named Lake Stanley. 
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INTRODUCTION 


A detailed bottom sampling and sounding 
program carried out in the deeper waters of 
central Lake Michigan has revealed a low- 
water stage approximately 350 feet below the 
present lake level. This low stage occurred be- 
tween the end of the Mankato glacial substage 
and the present—apparently nearer the present 
in view of its position in the sedimentary se- 
quence. This information is significant in rela- 
tion to a low-water stage of Lake Huron 
(Stanley, 1936; 1937), in relation to other 


studies of the sequence of lake levels in the 
Michigan-Huron basins, and in the problem of 
post-glacial warping of beach lines in the 
region. 

This paper is based on information obtained 
from 137 bottom samples, 96 of which were core 
samples, and continuous fathogram records 
taken along the lines sampled. Field work was 
accomplished in the summer of 1950 with the 
aid of the United States Coast Guard Cutter 
WoopBINE, a buoy tender used to handle a 70- 
foot long piston coring tube. A few long cores 
were taken in deep water. The core-sampling 
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INTRODUCTION 


apparatus used was similar to that described 
by Silverman and Whaley (1952, p. 11-16). 
A 35-foot core from the deepest point in the 
lake, 924 feet, contained a complete sequence of 
deposits from the Mankato substage to the 
present. Field work, with the aid of the U. S. 
Fish and Wildlife Service research vessel Crisco, 
was accomplished in the summer of 1951, when 
85 core samples, ranging in length from 3 to 10 
feet, and 40 dredge samples were taken (Fig. 1). 
Fathograms, made for almost the entire length 
of the 1951 cruise, helped to indicate the nature 
of the material on the bottom (Hough, 1952, 
p. 162-172). 
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DEEP-WATER CoRE SAMPLES 


All core samples taken from depths greater 
than 348 feet contain the same sequence of 
sediments, and thus establish the widespread 
existence of a normal deep-water sequence. 
Logs of eight deep-water cores are given in 
Figure 2, and a diagrammatic summary of all 
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of the deep-water cores is given in Figure 5. 
The deep-water sequence is: 

gray lake clay, grading to 

red lake clay 

bluish-gray lake clay 


red lake clay 
red glacial till. 


The red glacial till is believed to be Valders or 
Mankato in age, and to correlate with the red 
till found on shore in the same latitudes. Above 
the red till in core M-1, taken from the deepest 
point in the lake, there is a zone consisting of 
very fine-grained red clay with some sand and a 
few small pebbles. This may be an unusually 
clayey phase of the underlying till, or it may 
represent deposition in a lake in which the 
coarser material was transported by ice-rafting. 
The next-higher zone in core M-1 is a red clay 
which is distinctly varved in its lower part and 
indistinctly varved in its upper part. Approxi- 
mately 150 varves were counted. The varved 
zone grades upward into an unlaminated, very 
fine-grained red clay. This red clay and all the 
clays above it contain the same clay minerals 
and have approximately the same carbonate 
content. The color differences apparently are 
caused by differences in the state of oxidation of 
iron, since little organic matter is present. There 
is no evidence of shallow-water deposition of 
this material. 


SHALLOW-WATER CoRE SAMPLES 


“Shallow water’ here indicates depths less 
than 350 feet. All major zones of the normal 
deep-water sequence are present in the shallow- 
water cores, but not in any single core. In many 
shallow-water cores medial portions of the 
standard sequence are replaced by a thin zone 
of sand or sand and shells. Logs of 16 shallow- 
water cores (Figs. 3, 4) establish the relation- 
ships of sedimentary members in depths less 
than 350 feet. The shallow sequence is illus- 
trated diagrammatically in Figure 5. 


EVIDENCE OF A Low-WATER STAGE IN 
LAKE MICHIGAN 


The relationship between the shallow-water 
and deep-water sequences of sediments shows 
that deposition of lake clays was uninterrupted 
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in deep water, but was interrupted in depths 
less than 350 feet below present lake level 
(Fig. 6). Apparently the normal deep-water 
sequence was deposited in shallow-water areas, 
but there a portion of it was removed by erosion 
(indicated by truncation of some layers) and 
replaced by a sandy deposit, after which 
deposition of the normal deep-water sequence 
was resumed, and continued up to the present. 
Truncation of the clay zones and subsequent 


















































FicurE 2.—Locs oF DEEP-WATER CORE SAMPLES FROM LAKE MICHIGAN 
Depths of 348-924 feet 


deposition of sand are attributed to a lowering 
of the lake surface. Wave action in shallow 
water and subaerial runoff could have truncated 
the earlier-deposited clays. Deposition of the 
sand layer might be explained by a turbidity 
flow, in which the sand was buoyed in a clay 
suspension and transported to deep water; but 
this mechanism should have carried sand to 
greater depths as well, and no sand zone is 
found below the present 350-foot depth. Fur- 
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EVIDENCE OF A LOW-WATER STAGE IN LAKE MICHIGAN 


thermore, if the turbidity-flow mechanism had 

caused the deposition of one sand zone, it 

should have produced other sand zones; but 

no other such zone is found in the lake-clay 
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feet. A few specimens of Pisidium were identi- 
fied. This form has been reported living in 
depths up to 100 feet although it is usually 
restricted to very shallow water. Many shells 
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FicurE 3.—Locs or CorE SAMPLES FROM LAKE MICHIGAN 
Depths of 310-348 feet 


sequence. On the basis of the physical evidence, 
a lowering of the lake level seems most probable. 

Further evidence of a shallow-water condition 
is found in the shells in the sand zone of some 
cores. These shells were identified by Max 
Matteson as gastropods and pelecypods which 
live in extremely shallow water. Most of the 
gastropods were of the genus Valvata, which 
commonly lives in water 1-6 feet deep and 
occasionally at a depth of 30 feet. A few speci- 
mens of Amnicola were found. This genus lives 
in 1-15 feet of water and occasionally lives in 
swampy areas behind beaches. Pelecypods of 
the family Sphaeriidae predominated. The 
genus Sphaerium was abundant and this lives in 
less than 3 feet of water on any bottom where 
current action is strong. The genus Musculium 
was common and it has a depth range of 1-10 


were broken or considerably abraded, indi- 
cating wave action. Shells are not found in the 
normal lake-clay zones in the core samples, 
but are restricted to the zone of the sandy layer 
and the immediately superjacent sandy clays. 

The time of the apparent lake-lowering can 
be estimated only from the position of the sand 
zone in the sequence of clay layers. The sand 
zone, representing the lowered lake stage, 
occurs at approximately one-third the depth 
of the entire post-Valders sequence. The age 
of the Valders is approximately 11,000 years 
by radiocarbon dating (Arnold and Libby, 
1951, p. 117). If the rate of deposition of the 
clay were constant, the date of the low level 
would have been between 3000 and 4000 years 
ago; however, rate of deposition was not 
necessarily constant. 
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FicureE 4.—Locs oF CorE SAMPLES FROM LAKE MICHIGAN 
Depths of 268-306 feet 


A Low-WaATER STAGE IN LAKE Huron 


An extremely low water stage of Luke 
Huron, occurring in post-Algonquin and pre- 
Nipissing time, has been suggested by Stanley 
(1936, p. 1958; 1937, p. 1681). Stanley outlines 
the post-glacial history of Lake Huron es- 
sentially as follows: 


Algonquin stages 
Highest Algonquin level 
Lowering of 90 feet 
Wyebridge (Battlefield) level 
Lowering of 40 feet 
Penetang level 
Lowering of 20 feet 
Cedar Point level 
Lowering of 40 feet 
Payette level 
Lowering much farther 


These levels, represented by beaches, are 
nearly parallel, not converging strongly to the 
south as interpreted earlier by Leverett and 
Taylor (1915, p. 466), and were produced by 
the opening of successively lower outlets as the 
front of a glacier retreated northward. Only 
slight tilting of the earth’s surface occurred in 


this region during the existence of these lake 
stages. 

EXTREME LOW-WATER STAGE: Because the 
Algonquin beaches are now warped upward 
to the north, their northward projections pass 
well above the divide at North Bay, Ontario 
(northeast of Georgian Bay). From this it is 
concluded that lake level in the Huron basin 
must have been lowered well below the Payette 
level, perhaps almost to sea level. Some tilting 
occurred between the time of the Payette level 
and the time of this low level, when discharge 
occurred at North Bay; this would have re- 
duced the amount of lowering slightly. 

WARPING AND DEFORMATION OF ALGONQUIN 
BEACHES: The uplifting movement that de- 
formed the Algonquin beaches was not neces- 
sarily rapid. Most of it was delayed until after 
Lake Algonquin had been lowered some 200 
feet by drainage, to the Payette level (because 
the Payette and all higher beaches are nearly 
parallel), and perhaps until the extreme low- 
water stage came into existence. Uplift of the 
outlet at North Bay gradually raised water 
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FicurE 5.—GENERALIZED REPRESENTATION OF SEDIMENTARY SEQUENCES IN DEEP AND 
SHALLOW WATER 


surface in the Huron and Michigan basins to 
the Nipissing level. 

NIPISSING STAGE: The Nipissing beach, which 
cuts across all but the highest Algonquin 
beaches, was formed after major warping. The 
Present position of the Nipissing beach is about 
180 feet below the Highest Algonquin beach at 
Mackinac Island. The Highest Algonquin and 
the final Nipissing stage lakes both drained 


through the Port Huron outlet at the south 
end of Lake Huron, as well as through the 
Chicago outlet at the south end of Lake 
Michigan. The Nipissing stage lake probably 
stood at the same elevation as the Highest 
Algonquin—605 feet above sea level (Hough, 
1953b, p. 134). 

Since the Highest Algonquin beach is ap- 
proximately 20 feet above present Lake 
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Huron in the unwarped southern end, and the 
Payette beach lies about 190 feet below the 
Highest Algonquin near the north end of the 
lake, the water level in the Huron basin in 
Payette time was about 170 feet below present 
lake level. During the extreme low stage which 
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been deposited recently in the channel, the | 
channel probably had a controlling depth of | 


150 feet. Uplift of slightly more than 200 feet | 


has occurred at Mackinac Island, where the 
Highest Algonquin beach is now 232 feet above | 
lake level. By adding 200 feet to the present 
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FIGURE 6.—INTERPRETATION OF CORE-SAMPLE LOGS 
In depths less than 350 feet sand or sand and shell zone truncates previously deposited lake clay layers 


must have followed the Payette, the level was 
still lower. 


CHANNEL CONNECTING Low-LEVEL LAKES 
MICHIGAN AND Huron 


A submerged valley through the Straits of 
Mackinac, connecting Lakes Michigan and 
Huron, has been described in detail by Stanley 
(1938, p. 966-974). The head portion of this 
valley in Lake Michigan has a present depth 
of 150 feet, and in general the valley deepens 
in its course eastward through the Straits, 
into Lake Huron where channel depths exceed 
200 feet. Maximum observed depths along the 
channel in the Lake Michigan bottom are less 
than 150 feet in a few places, but since the 
deepest points on some cross sections may have 
been missed in sounding operations, and sedi- 
ment carried by strong currents may have 


controlling depth of 150 feet, it is calculated 
that Lake Michigan would have been lowered 
approximately 350 feet by drainage through 
this channel into a low-stage Lake Huron. This 
value coincides with the low stage of Lake 
Michigan which was deduced from the evidence 
of the core samples. 

Since the deep portion of the present channel 
through the Straits of Mackinac continues into 
the Huron basin to a depth of 200 feet, and 
there has been 200 feet of uplift in the area, 
lake level in the Huron basin was at least 400 
feet lower. 


DIscussION OF LOW-WATER STAGE IN 
LAKE MICHIGAN 


Evidence is sufficient to substantiate the 
concept of a low-level Lake Michigan which 
stood approximately 350 feet below the present 
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DISCUSSION OF LOW-WATER STAGE IN LAKE MICHIGAN 


level. This lake drained through a channel 70 
miles long which led from northern Lake 
Michigan eastward through the Straits of 
Mackinac area and into a low-level Lake 
Huron which stood at least 400 feet below the 
present level. The discharge from the Michigan 
to the Huron basin through the connecting 
channel is here named the Mackinac River. 

The low-level Lake Michigan can be traced 
from the topography of the lake bottom and, 
for that portion lying south of the warped area, 
from the 350-foot depth contour. (See Fig. 7.) 
For the warped portion of the lake basin, north 
of a line through Frankfort, Michigan, allow- 
ance must be made for the warping which has 
occurred since the low stage. The 350-foot 
depth contour closes off the southern third of 
the lake slightly north of Grand Haven, 
Michigan. Farther south is a deep basin with a 
maximum present depth of 564 feet. The deep- 
est point on the divide between the southern 
and the northern basins is 336 feet, and the 
bottom in this area is red till; therefore, there 
must have been a separate lake in the southern 
basin at an elevation of 336 feet below present 
lake level, during the low-water stage in the 
Michigan basin. This southern lake would have 
drained northward across the divide into the 
slightly lower northern lake. A channel con- 
necting the 336- and the 350-foot level lakes 
can be found both on a detailed topographic 
map of the divide area (prepared by the writer 
from unpublished soundings made by the U. S. 
Lake Survey) and on fathogram cross sections 
of the area. It is proposed that the discharge 
through this channel during the low-level stage 
be named the Grand Haven River. 

The name Lake Chippewa is proposed for 
the main body of water occupying the Lake 
Michigan basin at the extreme low-water stage. 
For the separate lake existing in the southern 
basin at the same time but at a slightly higher 
level (approximately 336 feet below present 
lake level) the name Southern Lake Chippewa 
is proposed. The low-level lake in the Huron 
basin, whose existence was inferred by Stanley 
(1936; 1937), is now required as a cause for 
the draining of the Michigan basin to the Lake 
Chippewa level. It is proposed that the name 
Lake Stanley be applied to the lowest stage of 
the lake in the Huron basin in post-Algonquin, 


965 


pre-Nipissing time. The exact level of that lake 
has not been determined, but it was at least 400 
feet below present lake level. 

The major features of the low-water stage 
are, therefore, that Southern Lake Chippewa 
drained through the Grand Haven River into 
Lake Chippewa, the main low-level lake in the 
Michigan basin, whose surface was 350 feet 
below present lake level, and Lake Chippewa 
drained through the Mackinac River into Lake 
Stanley, a low-level lake in the Huron basin; 
Lake Stanley drained through the Georgian 
Bay area to North Bay, Ontario, and thence 
down the Ottawa River to the St. Lawrence 
lowland. 


OTHER FEATURES AND EFFECTS OF THE Low- 
LEVEL STAGE 


The low level of the lake must have caused 
lowering of local base level of all the streams 
draining into the lake basin, with entrenchment 
of the streams in their valleys and the develop- 
ment of channels down to the level of the lake. 
Most river mouths along the eastern shore of 
Lake Michigan empty into lakes which are 
small embayments cut off by sand bars. 
Stanley (1938, p. 974) reported that bridge 
borings at Saugatuck made in the bed of the 
Kalamazoo River go down at least 85 feet 
below lake level in an apparently recent fill of 
fine sand and peaty materials. The river 
probably excavated its bed at least to this 
depth after glaciation and during a period 
when its base level was low. Recent fill of poor 
foundation value may be expected at consider- 
able depth in the lower courses of many 
tributaries to Lake Michigan and Lake Huron. 

There are very few traces of channels on the 
bottom of Lake Michigan off the mouths of 
present rivers, but presumably shore drift of a 
slowly rising lake would tend to fill such 
channels. Beside Washington Island, however, 
which lies between Green Bay and Lake 
Michigan, there is a narrow channel 170 feet 
deep which continues out along the Lake 
Michigan bottom to a depth of 200 feet. 
Inside Green Bay the channel extends as a 
narrow, deep feature up into Little Bay De 
Noc. This channel may have been used by 
discharge from Lake Duluth, in the Superior 
basin, during the low-water stage of Lake 
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OTHER FEATURES AND EFFECTS OF LOW-LEVEL STAGE 


Michigan. This is likely, because glacial ice 
excluded Lake Algonquin from the Superior 
basin until after considerable down drainage 
of Lake Algonquin from its highest stage had 
been effected by opening of outlets to Ottawa 
valley (Hough, 1953a, p. 62-66). 

In the south-central part of Lake Michigan a 
relatively shallow area lies between the deep 
northern and southern basins. Several parts 
of this have present depths less than 180 feet. 
During the extreme low-water stage, Lake 
Chippewa, this area separated a southern 
lake from the main low-water lake to the north. 
With a rise of lake level to an elevation of 290 
feet below present lake level, the area became 
an island with an area of approximately 750 
square miles and with elevations of over 100 
feet above that lake level. This feature, now 
submerged, is covered with red till or with red 
lake clay (pre-low-stage deposits). Very little 
recent sediment was found on it. For use in 
future discussion, the name Milwaukee Island 
is proposed for this feature. With a rise of lake 
level from 290 to 180 feet below present level, 
Milwaukee Island would have shrunk from a 
750-square-mile island to a scattering of small 
islands, and it would have disappeared entirely 
below the lake with a rise of level to 140 feet 
below the present level. 

Detailed study of the present lake-bottom 
topography should reveal many more effects of 
the low stages of the lake. Captain Vernon 
Seaman of the research vessel Cisco reports 
(Personal communication, 1951) that fishermen 
have brought up in their nets, from a depth of 
85 feet off Hammond Bay, Lake Huron, whole 
trees complete with their roots and bearing no 
man-made scars. These trees, perhaps from a 
flooded forest, were identified as tamaracks. 


SUMMARY 


Core samples from the bottom of Lake 
Michigan contain a record of deposition from 
the Mankato substage of the Wisconsin glacial 
Stage to the present. In deep water, below a 
present depth of 350 feet, the deposits consist 
of lake clays. The bottom deposits above a 
present depth of 350 feet contain a sand and 
shell zone which truncates previously deposited 
deep-water clay zones and is overlain by deep- 
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water clays. This relationship is interpreted as 
evidence of a low-water stage of the lake, 
extending down to the lower limit of the sand 
and shell zone at a present depth of 350 feet. 
This is supported by the identification of shells 
from the sand zone as those of shallow-water 
forms. 

The low-level lake was drained through a 
70-mile-long channel incised in the bottom of 
Lake Michigan and in the Straits of Mackinac 
which has a present controlling depth of 150 
feet. Since about 200 feet of uplift has occurred 
in that area, a 350-foot depth (below present 
lake level) must have existed before uplift. 
Drainage through this channel led to a low- 
level Lake Huron which in turn discharged 
through the North Bay outlet northeast of 
Georgian Bay. 

Study of a topographic map of the bottom of 
Lake Michigan reveals that during the extreme 
low-water stage a separate lake must have 
existed in the southern basin, at an elevation 
about 14 feet higher than that of the main lake 
to the north. A channel connecting the two lakes 
has been recognized. 

Names of the major low-level features are 
proposed as follows: Southern Lake Chippewa 
for the separate lake in the southern basin, 
Grand Haven River for the channel connecting 
Southern Lake Chippewa with the main lake, 
Lake Chippewa for the extreme low-water 
stage in the main basin of Lake Michigan 350 
feet below present lake level, Mackinac River 
for the channel through the Straits of Mackinac, 
and Lake Stanley for the extreme low-water 
stage in the Huron basin. 

The age of the extreme low-water stage is 
post-Algonquin and pre-Nipissing. 
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SEISMIC-REFRACTION PROFILES IN THE SUBMERGED ATLANTIC 
COASTAL PLAIN NEAR AMBROSE LIGHTSHIP 


By R. O. CarRLsON AND M. V. Brown 


ABSTRACT 


Two mutually perpendicular, reversed seismic-refraction profiles were obtained by 
shooting across a point at 40°27'58”N and 73°41’40’W, about 8 miles south of Long 
Beach, Long Island, and 6 miles east of Ambrose Lightship. Three ground layers were 
detected with slopes of less than 1° along either profile. The seismic velocities and thick- 
nesses of the layers are: water—4905 ft/sec., 80 feet; unconsolidated sediment—5630 
ft/sec., 780 feet; semiconsolidated sediment—6840 ft/sec., 1020 feet; basement—18,600 
ft/sec. The precision of the ground layer seismic velocities is estimated as +5%, that of 
the layer thicknesses as +10%. The velocity values and basement-rock depth agree 
with previous seismic-refraction results for nearby continental shelf areas. The sedi- 
mentary layers are tentatively identified with those more exhaustively studied on Long 
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INTRODUCTION 


In June, 1953, two mutually perpendicular, 
reversed seismic-refraction profiles were shot 8 
miles south of Long Beach, New York, across 
a point designated as X-ray, 40°27'55”N and 
13°41'40"W. This experiment was conducted to 
determine several of the physical parameters of 
the area such as the thickness of sediment on 
the ocean floor and the velocity of seismic 
waves in the sedimentary layers and in the 
basement rock. Previous shot-refraction profiles 
east of Point X-ray (Ewing et al., 1950; Oliver 
and Drake, 1951), and fresh water well-log data 


on nearby Long Island (de Laguna and Bra- 
shears, 1948) indicated that one or two sediment 
layers probably overlie basement rock at a 
depth of about 1700 feet (measuring from sea 
level). One profile was chosen to take the 
direction of expected maximum basement 


slope. 
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METHOD 


The firing ship guided the receiving boat to ar 
anchored station by means of radar and 
pelorus. The shot arrivals through the wate; 
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FIGURE 1.—CHART OF 


J. L. Worzel for helpful suggestions on the 
interpretation of the data, and to J. Northrop 
for critical reading of the manuscript before 
publication. 


LOCATION 


The position of Point X-ray was marked by a 
special Coast Guard buoy anchored in 80 feet 
of water at X-ray. Figure 1 shows Point X-ray, 
previous shot-refraction stations of Ewing, 
et al. (1950), and well positions on Long Island. 
The four shot-receiving stations are indicated 
as Able, Baker, Charlie, and Dog, each one 
nautical mile from Point X-ray. The first 
reversed-refraction profile was fired along the 
line joining Able and Baker, making an angle 
of 58° with true north. The second was fired 
along the line joining Charlie and Dog at an 
angle of 148° with true north. 





Porst X-Ray AREA 


and ground layers were picked up by a Brus! 
AX-58-C hydrophone lying on the ocean bottor 
at a depth of about 80 feet. The signals wer 
amplified by 40-60 db, filtered, and then re 
corded on an oscillograph camera. Eigh 
channels were used on the recording camera 
three for the low-frequency filtered hydrophon: 
signal (up to 60 cps), three for the high fre 
quency filtered and rectified hydrophone signa 
(above 500 cps), and two for the radioed shot 
signal. The shot signal, picked up by a micro 
phone held against a bulkhead of the firing 
ship, was transmitted to the receiving boat t 
give the shot instant. Dynamite charges ranging 
from half a pound to 15 pounds were droppe¢ 
from the firing ship as she crossed the lint 
between the receiving boat and the anchore¢ 
buoy. Firing was by fuse. To prevent charges 
from sinking to the bottom where submarine 
cables are laid, the charges were suspended 
from a float which was attached to 2000 feet oi 


ee 
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DISCUSSION OF RESULTS 


line payed out from the firing ship. Two charesg 
were duds and these were towed to a disposal 
area and sunk. For successful shots the amount 
of line payed out between the firing ship and 
the float determined the ship-to-shot distance. 


TABLE 1.—TRAVEL-TIME GRAPH INTERCEPTS 
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Ayers, 1952). The average sound velocity for 
water was taken from tables of sea-water 
sound velocity (Del Grosso, 1952). For events 
Able and Baker, this average velocity was 4900 
ft/sec., while for events Charlie and Dog, it was 
4910 ft/sec. 

In drawing the travel-time graphs, it is 
helpful to know the range between the two 


|Inter- Inter- | Inter- Apparent , ; 
Station and layer | CPt | cept | cept_| velocities stations that comprise the reverse profile 
_ #= | 2.633 | 2.373 | im ft/sec. (reciprocal range) so that the reverse points can 
= | ‘non wane a — be plotted on the same diagram. The firing 
ABLE . ° ‘ ‘ 
mat 0.02.27). a= sage SNP rtd cach ning tion at ade 
srznsldated. 143/2.050, ... Va = 6770 © : : 
Basement rock |0.521/1.236| ... |Vea = 18040 adar instrumental errors were determined by 
BAKER | comparing the radar range of the receiving boat 
Unconsolidated 0. 005)2. .277| ... |Vos = 5679 at the time the firing ship cast off the charges 
Semiconsolidated|0.160'2.050) ... |Vas = 6830 with the shot to listening hydrophone range 
Basement rock /0.548)1 .236 Van = 18750 determined from the water wave travel-time. 
geil dated 0.011 2.103\Vic = 5570 With these radar-range corrections, the true 
Semiconsolidated|0. 167 1.861/Vic = 6880 distance between Able and Baker, or reciprocal 
Basement rock |0.545 1.171|\Vic = 18700 range, was 12,900 feet, corresponding to a 
Dos water-travel time of 12900/4900 = 2.633 
Unconsolidated 0.010 ... |2.103/Vxn = 5570 seconds. The distance between Charlie and Dog 
Semiconsolidated 0. 165 1.861/Vap = 6870 was 11,650 feet, corresponding to a water- 
Basement rock (0.551... }1-171/Va> = 18800 travel time of 11650/4910 = 2.373 seconds. 








TABLE 2.—SUMMARY OF 


LAYER VELOCITIES, THICKNESSES, AND SLOPES 



































| hk In h | 
Preiite tt/ace. | ft/ece. tite. | fe/aee. | a | a | “ | dp | o™ ae tt 
Able-Baker 4900 | 5680 | 6810 | 18300 | 80 780 | 0°18’ | 1000 | 0°3’ | 
Charlie-Dog 4910 | 5570 | 6870 | 18800 | 80 Vis | 07’ 1035 | 0°26’ | 
Average 4905 | 5630 | 6840 18600 | 80 780 1020 1870 





i, = Water depth or depth to unconsolidated layer 
hn = Thickness of unconsolidated layer at X-ray 
h; = Thickness of semiconsolidated layer at X-ray 
= Vertical depth to basement rock at X-ray 


Vi = Velocity in water 
V; = Velocity in unconsolidated layer 
V; = Velocity in semiconsolidated layer 


V, = Velocity in basement rock hora 
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The rectified high-frequency camera traces 


‘} were used to detect the sound wave travelling 


entirely through the water. The temperature of 


the ocean water from the surface to the bottom 


was measured each working day by use of a 
bathythermograph. The salinity of the water 
around X-ray was estimated as 31 parts per 
thousand for the bottom half of the water layer 
(Stockton and Backus, 1951; Stockton and 


Slope of interface between unconsolidated and semiconsolidated layers 
Slope of interface between semiconsolidated layer and basement rock 


DISCUSSION OF RESULTS 


The travel-time graphs for the two profiles 
are plotted in Figures 2 and 3. The intercepts for 
the refraction arrivals are listed in Table 1 
along with the apparent velocities. Since in each 
profile the velocities for the reverse stations are 
almost equal, the slopes of the sediment and 
basement interfaces must be very small. 

The layer velocities and thicknesses com- 
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puted from standard-refraction theory given 
by Ewing et al. (1939, p. 262) are summarized 
in Table 2. Figures 4 and 5 show cross sections 
through the Able-Baker and the Charlie-Dog 
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pare well with the average velocities found hy 
Oliver and Drake (1951, p. 1293) at one seismi; 
station southeast of Block Island and ty, 
stations south of Shinnecock Inlet near th; 
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(VERTICAL SCALE GREATLY EXAGGERATED) 
FiGuRE 4.—Cross SECTION THROUGH ABLE-BAKER STATIONS 


stations. The total depth to the basement at 
X-ray, 1870 feet, approximates the estimate of 
1700 feet. The two reversed profiles agree on 
the thicknesses and velocities of the sed- 
imentary layers at X-ray. The maximum 
basement slope at Point X-ray does not appear 
to lie along the direction of station Dog. 
However, the direction of maximum slope is 
difficult to determine since the angles involved 
are small and consequently comparable to the 
experimental error. 

The average velocities for the unconsolidated, 
semiconsolidated, and basement layers com- 
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eastern end of Long Island. They report 5400 
ft/sec. for the unconsolidated layer, 6500 
ft/sec. for the semiconsolidated layer, and 
18,400 ft/sec. for the basement rock. At 
Station 7, shown on Figure 1, Ewing e al. 
(1950, p 882) found 2100 ft of unconsolidated 
sediment with a velocity of 5600 ft/sec., no 
semiconsolidated layer, and a basement with 
a velocity of 18,800 ft/sec. Evidence of 4 
semiconsolidated layer of velocity 10,800 ft/sec. 
appeared on the south side of Station 7. Since ; 
this velocity is so much higher than the semi- 
consolidated layer velocity found in our 
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DISCUSSION OF RESULTS 


experiment, it is probable that the materials 


comprising these layers are quite different. 
The New York State Conservation Depart- 
ment has made an extensive study of the un- 
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solidated layer may correlate with the Raritan 
formation and Lloyd sand layer. It is probable 
that the Raritan formation lenses out from 
New York harbor so that at Station 8 it has 
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Figure 5.—Cross SECTION THROUGH CHARLIE-DoG STATIONS 


derlying geological formations of Long Island. 
Their reports (de Laguna and Brashears, 
1948; Suter et al., 1949) show the basement 
and intermediate layer contours based on 
fresh-water well-log data over the whole 
island. The basement-rock contour extrapolates 
well to agree with the basement depths of the 
present experiment and earlier seismic work. 
In addition, their north-south cross-sectional 
Profiles indicate that the unconsolidated layer 
studied here may correspond with the Magothy 
formation existing under the top glacial de- 
Posits of western Long Island. The semicon- 


been repiaced by other deposits of higher 
sound velocity. 


PRECISION OF RESULTS 


A shot-refraction experiment such as this 
may not give precise results because: 

(1) To compute the velocity of sound in sea 
water in late June, it was necessary to use 
sea-salinity data taken several years earlier 
during another month. The estimate of salinity 
as 31 parts per thousand for the near-bottom 
sea layers may be in error by several parts per 
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thousand. This error and that caused by assum- 
ing that the temperature of the sea water re- 
mained constant over each working day in- 
troduces an inaccuracy of one-half of one per 
cent in Vj, the velocity of sound in water. V; 
enters into the calculation of each of the other 
layer velocities. 

(2) The reciprocal ranges were obtained from 
“corrected” radar ranges and their accuracy is 
unknown. The choice of different reciprocal 
ranges would affect the values of the reverse 
points and hence the values of the slopes of the 
travel-time graph lines. 

(3) The velocities of the ground layers were 
assumed constant over the length of each 
profile, whereas there may actually be a change 
in the material density and sound velocity in 
the ground layers over the 2-mile ranges of the 
reversed profiles. 

(4) Errors in the calculation of layer thickness 
are cumulative since each layer-intercept cal- 
culation involves a term for the previous layer 
thickness. 

(5) A low-velocity sediment layer (i.e., with 
sound velocity lower than that in water) would 
not be detected in this experiment. 

Taking into account these sources of error, 
and weighing the results of the two reversed 
profiles, the writers estimate that the set of 
velocities in Table 2 has a precision of +5% 
while the set of layer thicknesses at X-ray has a 
precision of +10%. 


CONCLUSION 


This experiment marks a further step in the 
understanding of the geological structure of the 
emerged and submerged Atlantic Coastal Plain 
in the vicinity of Long Island. Velocity and 
depth values obtained for each seismic layer 
in this experiment agree with previous offshore 
seismic work. A tentative identification of the 
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sedimentary layer materials can be made wit} 
those studied in fresh water wells drilled o, 
nearby Long Island itself. 
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EVIDENCE FOR NO CENOZOIC ISTHMUS OF TEHUANTEPEC 
SEAWAYS 


By J. Wyatt DurnaM, A. R. V. ARELLANO, AND JOSEPH H. PEcK, JR. 


ABSTRACT 


Because of its narrowness and low divide (altitude 244 m), the Isthmus of Tehuantepec 
has caused much speculation and discussion regarding possible seaways between the 
Atlantic and Pacific oceans. Bése indicated in 1905 that no Cenozoic seaways crossed the 
Isthmus, nevertheless several subsequent authors have insisted on such a connection. 

A re-examination of the Isthmus region clearly indicates that no Cenozoic seaways 
have crossed it, although Miocene seas from the north penetrated more than half way to 
the Pacific. No post-Cretaceous marine sediments are present on the Pacific side of the 
continental divide, nor are there any marine terraces on the extensive Tehuantepec plain, 
contrary to earlier authors. The Tehuantepec plain is separated from the adjacent moun- 
tains in many places by faults. The adjacent continental shelf extends seaward about 
100 km, apparently as an expansion of the plain. 

Paleocene and middle Eocene marine beds occur in the Tuxtla Gutierrez area. Upon 
preliminary examination, the small foraminiferan faunas show some resemblance to 
California faunas of similar age. The molluscan faunas show no significant similarity to 
described North Pacific coastal faunas. The resemblances noted by Maldonado-Koerdell 
and Gardner and Bowles are not considered indicative of North Pacific affinities. 

Thick gravels, apparently Pleistocene, represent several episodes of deposition on the 
continental divide and northward from it, and with probable lacustrine deposits they 
suggest greater local relief or heavier rainfall in this locality during the Pleistocene. 

Several sequences of apparent nonmarine rocks of presumed Tertiary age are present 
along the highway in the mountains between Tehuantepec and Oaxaca. In one of the 
younger sequences, near the village of Nejapa, a Merychippus palate and bones of a 
camelid, indicative of Miocene age, were found. 
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INTRODUCTION 


Since the last part of the nineteenth century 
many writers have referred to Cenozoic inter- 
Oceanic passageways in the Isthmus of Te- 
huantepec area (Spencer, 1897; Dickerson, 


1917; Gardner and Bowles, 1934; Schuchert, 
1935; Maldonado-Koerdell, 1950; Eardley, 
1951, p. 587; von Engeln and Caster, 1952, 
Fig. 326; Termier and Termier, 1952, cartes 
32-33) despite the fact that Boise (1905; 
1906a) early indicated that the local geological 
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evidence was against such connections, at 
least for Neogene seaways. Terrestrial zoo- 
geographical evidence, such as apparent bar- 
riers to the distribution of the harvest mice 
(Hooper, 1952, p. 203, Pl. 1) or of birds (Mayr, 
1946, Fig. 1) has also caused investigators to 
invoke later Cenozoic interoceanic waterways 
in this region. During January and February 
of 1952, the authors spent about a month in 
the field making reconnaissance studies of the 
Isthmus proper and of adjacent areas in order 
to re-evaluate the geological and paleontolog- 
ical evidence bearing on this problem. 

In the Isthmus region the continental divide 
is much closer to the Pacific Coast than to the 
Atlantic Coast. South of the divide rainfall is 
low, a scrub or thorn-scrub vegetation pre- 
dominates, and exposures are not difficult to 
find. To the east the scrub-bush vegetation ex- 
tends north of the divide to slightly north of 
Tuxtla Gutierrez. In the Isthmus proper foresta- 
tion is heavier beginning on the north slope of 
the mountains forming the divide and extend- 
ing north towards the coast, and as a result 
bedrock exposures are rare except along the 
rivers and streams or in road cuts and excava- 
tions. Neogene marine sediments extend in- 
land from the Atlantic Coast to the foothills 
about 15 km north of the town of Matias 
Romero; in consequence little attention was 
paid to the northern lowland area except to 
collect some fossils along the highway south 
of the Rio Jaltepec. 

Gardner and Bowles (1934, p. 241) and 
Maldonado-Koerdell (1950, p. 193-195) have 
called attention to the occurrence of a few 
Eocene fossils with a decided Californian 
aspect, near Sayula, north of the continental 
divide in Chiapas, about 80 km northwest of 
Tuxtla Gutierrez, and on this basis these 
authors have concluded that there may have 
been Eocene seaways connecting this region 
with the Pacific Coast. Because of these re- 
ports several days were spent around Tuxtla 
Gutierrez examining the early Tertiary se- 
quence and collecting fossils. 

The wide Tehuantepec plain along the 
Pacific Coast is an interesting and significant 
area on which marine Pleistocene has been 
reported or inferred by several authors. Be- 
cause of its significance considerable time was 
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spent in examining probable critical areas ; 
an attempt to accurately evaluate the plaiy 

The Pan-American highway gives easy x 
cess to the general region, while the tran 
isthmus highway from Salina Cruz to Coaty; 
coalcos (usable to the Rio Jaltepec at the tim 
of the trip) provides easy access to the cont 
nental divide. Many subsidiary roads ap 
trails give access to much of the Tehuantepe 
plain by car. Other means of transportatic 
must be used to reach a few isolated place 
along the coast such as Punta Palomas. Di: 
tances were measured by car speedometer ¢ 
estimated. Altitudes were measured by aneroi 
barometer. Topographic maps (1949, prelin 
ed., 1:500,000) based on aerial photograph 
(issued by the “Comite Coordinator & 
Levantamiento de la Carta de la Republic 
Ave. Observatorio num. 192, Tacubaya, D.F 
Mexico”) were available for the general regior 
However, the detail (contour interval 200 m 
on these maps makes them unsuitable for d 
tailed geologic mapping. 
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General Statement 





For convenience in presentation, the observa 
tions and conclusions regarding the Isthmus @ 
Tehuantepec region may be considered unde 
four areas—the Tehuantepec Plain, th 
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Chivela-Santa Lucrecia area, the Tuxtla Gu- 
tierrez area, and the Northwestern area. 


Tehuantepec Plain 


Extending about 120 km from Salina Cruz 
on the west to near the Oaxaca-Chiapas border 
on the east, and about 45 km average maximum 
width from north to south, the Tehuantepec 
plain is merely the wider northern part of a 
well-developed coastal plain that extends along 
the Pacific Coast from the vicinity of Salina 
Cruz to at least the southern border of Guate- 
mala, 

The coast line is composed of a series of 
long bars behind which are several lagoons, 
some quite large. At the inner edge of the 
widest part of the plain the elevation is about 
200 feet. The plain abuts sharply in most 
places against the foot of the Sierra Madre. Its 
surface appears to slope uniformly except where 
inselbergs interrupt it, particularly in the area 
west of Tepanatepec. 

Over much of the plain there is but a few 
inches to a few feet of soil on the top of the 
granitoid and metamorphic bedrock. A check 
of wells dug for water indicated that the usual 
depth was from 4 to 6 m, and that they usually 
ended in granitic rock without encountering any 
fossiliferous sediments. However, one well at 
Juchitan was dug down 14 m in silt without 
hitting bedrock. Toward the mountain front 
agreater thickness of gravels and other outwash 
materials apparently has accumulated. Along 
the Pan-American highway 13 km west of 
Zanatepec (km post 899) a deep road cut (Pl. 
1, fig. 2) shows 6-7 m of older stream gravels 
and sands of more than one age, with the 
present topographic plain cut into their sur- 
face. The older deposits are displaced by a 
vertical fault striking N.27°W.; these are 
truncated by a gravel bed two thirds of a 
meter thick immediately beneath the present 
surface. The top gravel bed and thin overlying 
topsoil are weathered to a reddish color, which 
Suggests that they are not very young. The 
valleys now occupied by the streams are 
younger than the top gravel bed, indicating a 
later cycle now in progress. Displacement 
along the fault is at least 5 m. No trace of 
marine fossils or sediments is apparent in this 
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cut. Pebbles and boulders among the older 
gravels include assorted types of volcanic and 
granitoid rocks as well as unfossiliferous silici- 
fied limestone and hard dark-gray sandstone. 
Similar cuts were noted for several kilometers 
along the highway east and west of this point. 
All the observations made seem to indicate that 
the Tehuantepec Plain is primarily a cut sur- 
face (probably a pediplain), with subsequent 
thin deposits of alluvium and stream gravels 
accumulated on it. 

Schuchert (1935, p. 373) says that ‘‘on the 
Pacific side the marine Pleistocene overlaps 
eastward across the crystallines for about 30 
miles”, without citing an authority for this 
statement. Baker (1930, p. 174) reports 
“remnants of a strand-line about 100 feet 
above the tide-level” on the “south flank of 
the Salina Cruz range’. Because of these 
statements, made much later than Bése’s 
(1905) refutation of Spencer’s (1897) “geolog- 
ical canal’’ across the Isthmus, a careful search 
was made for evidence of raised beaches, marine 
terraces, or marine Pleistocene deposits at 
Salina Cruz and at various places along the 
Pacific Coast. Aerial photographs did not re- 
veal any suggestion of such features nor did 
the field search. Because of Baker’s statement 
a careful examination was made of the hills 
in the vicinity of Salina Cruz, including the 
two hills alongside the Tehuantepec river at 
Huilotepec, and no trace of such a feature, 
either topographic or otherwise, was recog- 
nizable. No fossils, no rounded pebbles or 
boulders, and no waterlain sediments were 
found. If such a feature ever existed in the 
Salina Cruz area, it has been altered beyond 
recognition by customary means. The coastal 
areas were also carefully examined farther 
east in the vicinity of Punta Palomas and 
Punta Flor. No marine features were recog- 
nizable above present sea level, and no marine 
shells were reported from water wells in the 
vicinity of either place. The only possible 
Pleistocene invertebrate fossils collected in the 
Tehuantepec plain area were “Ampullaria” and 
other fresh-water gastropods found in swamp 
deposits along the highway (loc. A-8121) 20 
km northeast of Juchitan. These appeared to be 
of either sub-Recent or very late Pleistocene 
age, having been deposited when the swamps 
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of this area were slightly more extensive than 
at present. 

Immediately inside the mountain front at 
Arriaga three probable stream terraces were 
noted on the west side of the canyon of the 
Rio Lagartero, with the topmost one at an es- 
timated elevation of 350 m. Along the road up 
the Rio Lagartero are other stream terraces at 
elevations of about 80, 110, and 180 m, sug- 
gesting that there might be as many as five or 
six stream terraces along the river inside the 
mountain front. Several stream terraces, the 
lowest at about 90 m elevation, were also 
noted inside the mountain front along the Rio 
de la Punta 19 km northwest of Arriaga. The 90 
m terrace at this point was underlain by hori- 
zontal, unconsolidated sands and gravels. 
Other stream terraces can be seen from the 
highway along the Rio de la Punta within the 
mountain front northeast of Tepanatepec. Two 
isolated hills, one about midway between 
Arriaga and Punta Flor and the other a few 
kilometers west of Arriaga, were examined for 
evidence of former strand lines or terraces but 
none were found. Hills between Tepanatepec 
and Chahuites were reconnoitered with similar 
results. No evidence of terraces or strand lines 
were observed on the hills along the trail from 
Chahuites to Punta Palomas. All observations 
indicate that terracing has been restricted to 
the streams within the mountain front, and 
that none has taken place on the Tehuantepec 
Plain proper. 

Examination of the mountain front along 
the trans-isthmian highway north of the junc- 
tion with the Pan-American highway disclosed 
a large fault trending N.80°E., with several 
active hot springs along it. This fault may be 
the overthrust reported by Baker (1930, p. 
162) at km 241 on the trans-isthmian railway, 
a few kilometers north of this point, but along 
the highway an overthrust character is not 
readily apparent. In the road cuts adjacent to 
the fault at least three episodes of travertine 
deposition including fissure fillings separated 
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by periods of soil formation are discernible 
From the distance an isolated hill (Pl. 1, fig, 1 
between the highway and the mountain fro 
and about 4 km west of the junction of 
trans-isthmian and Pan-American highway; 
appears to have several terraces on its flanks 
Examination of the hill showed that all th 
apparent terraces were travertine deposits frop 
hot springs. Likewise apparent terraces aloy 
the main mountain front north of this hi 
were also composed of extensive deposits ¢ 
travertine, indicating that numerous ho 
springs formerly existed there. 

From recognizable faulting, from the preseng 
of stream terraces exclusively within the moun 
tain front, and from the stream pattern with 
the mountain front (as shown on the “Tuxth 
Gutierrez” sheet of the topographic maps) 
it seems obvious that the boundary betwee: 
the Tehuantepec plain and the adjacent moun 
tains is determined by faulting, probably of : 
complex pattern rather than a single fault 
This is corroborated by the predominanth} 
steep character of the mountain front, sugh 
gesting that it is a fault line scarp. ; 

The absence of marine terraces or marin 
Pleistocene deposits along the Tehuantepe 
coast is significant. Palmer (1928, p. 720-7218 
727-728) has reported marine Pleistocene deh 
posits raised to a maximum elevation of Tf 
feet in the vicinity of Puerto Angel, about 15 
km west of Salina Cruz, but none exist betwee 
the Puerto Angel area and the Guatemala 
border. (Those reported by Schuchert am 
Baker were not substantiated by the preserf 
field work.) In contrast to the narrow conth 
nental shelf at Puerto Angel and northwanf 
along the Pacific Coast of Mexico, the conth 
nental shelf off the Tehuantepec Plain and fap 
southward along the Central American coash) 
is very wide, as shown by recent bathymetrif 
maps (Fig. 1). Southwest of Arriaga the edg 
of the continental slope is about 100 km off 
shore while the shelf is of similar width to th 
northwest and southeast. In the Tehuantepe 





i 


























Pirate 1.—ISOLATED HILL AND ROAD CUT ALONG PAN-AMERICAN HIGHWAY 
FicurE 1.—IsoLaTeD HILL NEAR JUNCTION OF PAN-AMERICAN HIGHWAY AND TRANS-ISTHMIAN HIGHWA'E 
WITH APPARENT TERRACES OF TRAVERTINE é 

View looking southeast from trans-isthmian highway 
FicurE 2.—ROAD CUT ALONG PAN-AMERICAN HicHway 13 kM WEST OF ZANATEPEC 
Showing fault in older sands and gravels; top gravel bed and soil younger than fault 
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CUT AND EXPOSURES OF MIOCENE BEDS 
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| plain area and southward along the coast one 
> of three alternatives occurred during the late 
| Cenozoic. Either a wide coastal plain formed 
during the period or periods of maximum 
glaciation and lowest sea level, followed by 
rise of sea level to its present position without 
any accompanying orogenic or epeirogenic 
) movement of the plain, or a wide plain formed 
at some as yet undetermined time during the 
late Cenozoic and was subsequently depressed 


|  toits present position, or there was a combina- 


' tion of these two sequences. In view of the 
' known fluctuations of sea level during the 
> gacial and interglacial intervals, the first al- 

ternative is most probable. The thin blanket of 
sediments now covering most of the plain has 

probably been formed since the last glaciation, 
‘although near the mountain front (as at the 
* locality described west of Zanatepec) sediments 
of older episodes may possibly be preserved. 


Chivela-Santa Lucrecia Area 


The Chivela-Santa Lucrecia area includes the 
region from the edge of the Tehuantepec plain 
on the south, north through the mountains to 
the town of Santa Lucrecia and the Rio 
| Jaltepec in the Atlantic lowlands. The Tehuan- 
| tepec railway traverses this region, and both 
| Bise (1905, p. 75-85; 1906b) and Baker (1930) 
"have described the geology exposed along the 
\ railroad. At the time of the present reconnais- 
} sance a new trans-isthmian highway was being 
» constructed, and many road cuts afforded ex- 
| cellent exposures. From the Tehuantepec plain 
to the Rio Sarabia on the edge of the Atlantic 
' lowlands, the new highway is east of the rail- 
/Toad, and from there it runs west of it. The 
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| | continental divide is not far south of the town 


of Chivela, near the southern edge of the moun- 
| tains. According to Baker (1930, p. 161) the 
) elevation of the divide along the railroad is 
825 feet; Bose (1905, p. 78) gives an elevation 
: of 244 m (about 803 feet). The elevation along 
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The geology exposed in the cuts along the 
highway in general agrees with that previously 
described along the railroad. From the southern 
edge of the mountains to the divide (about km 
post 77.5 from Salina Cruz) there is a sequence 
of black shales, phyllites, and limestone. At 
about km 79 an extensive series of late Cenozoic 
gravels and terrace deposits starts and con- 
tinues intermittently to about km 107 (1 km 
north of side road to Matias Romero). Through 
this interval occasional hills or ridges of bed- 
rock, composed either of the shale-phyllite- 
limestone sequence or of the Jurassic “red 
beds”, project up through the gravels. From km 
107 almost to the Rio Malotengo the Jurassic 
“red beds” and a shale-limestone complex 
probably the same as the southern one, are 
intermittently exposed. Just on the north 
side of the Rio Malotengo blue silty clays ap- 
parently referable to the Tertiary were ex- 
posed in excavations for a bridge. Between the 
Rio Malotengo and the Rio Sarabia there are 
some exposures of the “red beds’, whereas 
from the Rio Sarabia to the Rio Jaltepec the 
exposures all seemed to be referable to the 
upper Cenozoic. 

From the Rio Jaltepec to about 10 km south 
of it a series of large road cuts provide a num- 
ber of exposures of the late Tertiary. Inspection 
was not detailed, but the beds have been mildly 
folded with dip up to 8-10 degrees occurring. At 
2.5 km and at about 6 km south of the Rio 
Jaltepec southward dips were noted, although 
the regional dip is gently northward. South 
of the river 6.5 km, horizontal sands and gravels 
rest on southward-dipping beds of finer- 
grained rocks, suggesting an unconformity. 
Nine km south of the river large-scale stream 
channeling and cross-bedding were noted in 
the horizontal sands and gravels. Within a 
short distance the large road cuts are absent, 
and the shallow cuts show only sandy and 
clayey beds, badly weathered, and more or less 
horizontal, that seem younger than the folded 
beds closer to the Rio Jaltepec. About 5 km 





| the highway was apparently slightly greater. 
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PLaTE 2.—ROAD CUT AND EXPOSURES OF MIOCENE BEDS 
FicurE 1.—Roap cut AT kM 101.5 ON TRANS-ISTHMIAN HIGHWAY 
_Road descending to left (north); Jurassic red beds on extreme left; lower, deeply weathered gravels 
ipping to north; upper, moderately weathered gravels, cross-bedded, about horizontal 


: FiGuRE 2.—ExposuREs OF MIOCENE BEDs AT KM 668 ON PAN-AMERICAN HIGHWAY 
| House “E] Gramal” at extreme right; tip of triangle indicates point where concretion with palate of 


) Meychippus and limb bones of camel was found. 
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north of the point where the highway crosses 
the railroad the exposures again show channel 
bedding, slumping, cross-bedding, and at least 
minor faulting in horizontal sands and clays. 
Some of the beds at this point apparently had 
a fluviatile origin, others are old soils. The clays 
exposed in the excavation just north of the 
Rio Malotengo are probably marine although 
no fossils were found. 

The outcrops for 3 km south of the Rio 
Jaltepec were examined in more detail, for this 
area is close to one of the two principal locali- 
ties from which Spencer (1897, p. 24) listed 
fossils in naming the Coatzocoalcos formation. 
Spencer described his km 124 locality as at the 
crossing (by the railroad) of the Rio Jaltepec. 
During the brief interval spent in this vicinity 
the present party was unable to reach this 
precise locality, but if there are no intervening 
structural complications, the outcrops (strike 
N.30°E., dip 8°S.E.) along the highway should 
be at about the same stratigraphic position as 
those referred to by Spencer. At this point 
(Univ. of Calif. Mus. Paleo. locs. A-8123, 
A-8124, A-8125) the unweathered outcrops are 
fossiliferous, gray-black, slightly sandy shales, 
and silty shales with occasional fine gravelly 
lenses and megafossiliferous beds. From locality 
A-8123 to A-8125, a distance of about one half 
a kilometer, a stratigraphic interval of about 
30 m of these rocks is exposed. The foraminiferal 
samples were not examined except to note that 
a moderate-sized fauna is present. The mega- 
fossils from these three localities include the 
following (preliminary identifications, in part 
by W. P. Woodring): 


GASTROPODA 


Ancistrosyrinx miranda (Guppy) 

Architectonica sp 

Bulla Poca ante (Sowerby) (?) 

Cancellaria sp. 

Conus (Lithoconus) nannus Woodring 

Conus floridanus var. costaricensis cn (?) 
Conus s 

Cruci um sp. of. C. auricula (Gmelin) 
Cypraea mus n. subsp. (?) 

Distorsio clathrata Bolten 

Ficus sp 

Game sp. aff. G. vaningent Brown and Pilsbry 
Modulus modulus var. basileus Guppy 
Murex brevifrons Lamarck 

Murex recurvirostris Broderip 

Natica bolus Brown and Pilsbry 

Natica sp. aff. N. canrena (Linnaeus) 

Olivella goliath Olsson (?) 


Olivella sayana var. immortua Pilsbry and Brow, 
Phos elegans var. limonensis Olsson 

Phos sp. 

Polinices brunneus subsp. subclausa (Sowerby) 
Polystira barrett (Guppy) 

Pierorytis n. sp. 

Rhinoclavis sp. aff. R. costaricana (Olsson) 
Sinum gabbi Brown and Pilsbry 

Strombus sp. 

Terebra gatunensis Toula (?) 

Terebra wolfgangi Toula (?) 

Turbo sp. aff. T. castaneus Gmelin 

Turriiella sp. aff. T. mimetes Brown and Pilsby 
Typhis (Typhinellus) siphon Woodring 

Xancus D. sp. 


PELECYPODA 
Aequipecten pleurinomis subsp. morantensis Wood- 
ring (?) 
Anomia sp 


Barbatia \(Diluevarca) inaequilateralis (Guppy) 
Cardium stiriatum Brown and Pilsbry 
Chione mactropsis Conrad 

Chione sp. ef. C. latilirata Conrad 
Corbula sp. of. C. chipolana Gardner 
Crassatellites sp. 

Dosinia sp. 

Glycimeris jamaicensis Dall 
Laevicardium serratum (Linnaeus) 
Pitar circinata Born (?) 

Trigonocardia perii-maris Maury 


SCAPHOPODA 


Dentalium sp. (not D. rimosum Bose) 


Although only 47 species of megafossils are 
listed, well over 60 were collected from the thre 
localities, with the same general fauna present 
in all three. Spencer (1897, p. 24) originally 
listed only 17 species from km 124. Later Bost 
and Toula (1910, p. 218-219) listed 21 specie: 
from kms 124, 127, and 136 along the railroad. 
Apparently the present collections and Bés 
and Toula’s list have no significant species it 
common unless their Ancistrosyrinx afi 
radiata Dall was a badly worn specimen of the 
species here called Ancistrosyrinx  mirandi 
Guppy. The differences between the faunaj 
from the highway localities and the railroad 
localities suggest an age difference or, mort 
probably, a facies difference. The occurrence 





of Architectonica, Conus, Cypraea, Olivella, 
Rhinoclavis, Terebra, Turbo, Turritella, Anomia, 
Chione, etc., indicates that the fauna of the 
highway localities lived in water less than 50) 
or even 25 fathoms deep. That Ancistrosyrins 
occurs in moderate abundance does not contra- 
vene the evidence of the genera listed, however, 
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for the living A. radiata, which is closely re- 
lated to the present species, has been dredged 
in large numbers off Florida from depths of 
7-100 fathoms (Woodring, 1928, p. 165). 
Bise (Bése and Toula, 1910, p. 221) believed 
that the faunas he studied had lived in depths 
of 50-200 fathoms. Such a depth might possibly 
account for the differences between the rail- 
road and highway faunas, although it implies a 
deepening of the sea within 2 or 3 km at most. 
The ages assigned to the previously recorded 
faunas from this area have varied from lower 
Miocene (Woodring, 1928, p. 65) to Pliocene 
(Spencer, 1897, p. 23; Dall, 1898, p. 716). More 
recently they have generally been considered 
Miocene. After a preliminary examination of 
the present faunas, Woodring (Personal com- 
munication, February 27, 1953) says: 


“T consider your collections to be of late Miocene 
age, probably the equivalent of what I am desig- 
nating as the upper part of the Gatun formation 
of the western coastal area, 35 kilometers west of 
the western border of the Canal Zone. I have 
identified in your collection the following species 
which occur in the middle part of the Gatun forma- 
tion (middle Miocene): Natica bolus B. and P. 
and Sinum gabbi B. and P. The Turritella is closely 
related to T. mimetes, which occurs in both the 
middle and late Miocene parts of the Gatun forma- 
tion, and the Gemmua is closely related to G. vanin- 
geni, which is found only in the middle Miocene 
part of the Gatun formation.” 


Observations made along the highway sug- 
gest that more than one formation is present 
in the area, so there may be beds of other ages 
in the lowland area also. 

All the molluscan fauna from these beds is 
of the usual Caribbean-Gulf of Mexico aspect 
and none of the fauna suggests any Pacific 
afinities. The genus Pterorytis is living only in 
the Pacific, but its type species, Murex umbrifer 
Conrad, occurs in the Miocene of Virginia, and 
other species are known in the Caribbean area. 
The marine sediments are only slightly warped 
near the foothills of the divide, and there is no 
evidence that they ever extended up into the 
divide area. When this fact is considered along 
with the Atlantic aspect of the fauna it seems 
extremely improbable that there was a seaway 
connecting the Atlantic and Pacific through 
here, 

The late Cenozoic deposits, mostly gravels, 
that occur in the upland areas from near Matias 

omero south to the continental divide are 
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very interesting and potentially highly sig- 
nificant to an understanding of the later events 
in the Isthmus region. It is apparent that these 
sediments represent several episodes in the 
later history of the present divide area. The 
deposits are mostly gravels, weathered to 
various degrees, but sands and old-soil profiles 
are well represented. In general the gravels and 
sands appear to have been deposited on an old 
intermontane surface of considerable relief, 
and with various interruptions to have filled the 
old basin to a level nearly coincident with the 
present divide. At the end of these episodes of 
filling, a plain, with several inselbergs of older 
rocks developed. Subsequent erosion in several 
steps, as evidenced by the presence of stream 
terraces, has formed the present canyons and 
valleys. 

Along the highway 2 km north of the side 
road leading to Matias Romero, the gravels 
may be seen in contact with the Jurassic red 
beds. At this point a topographic barrier ap- 
parently acted as the northern boundary (at 
least along the highway) of the depositional 
basin. From the top of one of the red-bed 
inselbergs the upper surface of the gravel and 
sand series appears to be a plain extending 
south towards the continental divide, with 
older rocks bounding it on the north and east 
and projecting up through it locally. The pres- 
ent drainage appears to be superimposed on 
this plain. 

Deep road cuts and stream cuts along the 
highway yield considerable information about 
the gravels and sands although not enough 
time was spent here to obtain a detailed se- 
quence of all the events recorded. At about 0.2 
km north of km post 103 a road cut (Fig. 3) 
showed the following: 


Base 


(1) About 2 m deeply weathered gravels dipping 
about 6° N.W. 

(2) About 4 m of an old, silty brown soil 

(3) Erosion surface 

(4) About 4 m of less weathered gravel 

(5) About 14 m brown soil 

(6) A fault with at least 4 m displacement 

(7) More than 4 m of brown soil on north side of 
fault of uncertain relationship except to the 
fault and the red, gravelly soil (item 8) 

(8) A red, gravelly soil about 14 m thick following 
present topography and ngt cut by the fault 
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Top 


In a stream canyon next to the highway at 
km 102.2 the following sequence was observed: 


Oldest 


(1) Jurassic red beds outcropping in stream 
(2) Old weathered gravels, including some boulders 
nearly 1 m in diameter 
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(6) Faulting affecting the entire previous sequeng 
(7) A thin topsoil, red at base merging to black a 
the top 


Youngest 


The attitudes and cross-bedding shown jr 
this cut indicate a change in the direction o 
drainage from the lower to the upper beds, | 





FIGURE 3.—DIAGRAMMATIC SKETCH OF RoaD CuT AT KM 103.2 ON THE TRANS-ISTHMIAN HIGHWAY 
Numerals refer to items described in text. 


(3) Erosion surface 

(4) A sequence with gravel at base and clayey and 
sandy soils near the top 

(5) An erosion surface cutting a terrace in the 
underlying beds, with gravels underlying soils 
on top of the terrace and soil extending from 
front edge of terrace to a point above present 
stream level 

(6) A cut terrace surface at top of soils on top of 
terrace recorded in item 5 

(7) A small, younger, filled terrace a few feet above 
present stream level. 

(8) Development of present stream channel 


Youngest 


At km 101.5 a road cut (Pl. 2, fig. 1) ina 
hill showed the following: 


Oldest 


(1) Steeply dipping Jurassic red beds 

(2) Erosion surface cut into red beds 

(3) A sequence of deeply weathered, indurated 
gravels about 5 m thick, dipping eastward and 
containing few or no hard siliceous pebbles 

(4) Erosion surface cut into preceding gravels 

(5) About 8 m of soft, unindurated gravels and 
sands, approximately horizontal but with 
cross-bedding inclined to the west, with abun- 
dant quartzose and hard volcanic pebbles and 
cobbles; moderately weathered 


from Matias Romero southward to the conti 


Along the highway from km 87 to km 79 th¢ 
surface is flat but possibly tilted and differ 
from the one in the vicinity of Matias Romero 
It extends southwestward to the continental 
divide near Chivela, but along the highway it 
is bounded by high hills developed in old rocks 
At km 85 this surface is cut into limestones 
Sediments underlying the surface consist 0 
a yellow-gray silt with abundant calcareoug 
nodules overlain by a thin black topsoil. Thé 
flatness of the surface and marly sediments sug 
gest that this area might represent an old laks 
bed. 

The observations made in the upland are 


nental divide clearly indicate a complicated 
later Cenozoic history. There were at leas! 
two and probably more major episodes 0 
gravel deposition separated by an interval of 
slight folding and erosion, and an interval d 
tectonism preceding the development of thé 
present topography and soils and subsequent to 
the second major period of gravel deposition 
The irregular surface on which the various 
gravels are deposited indicates that the terrane 
was previously hilly or mountainous. The degre? 
of weathering of the older gravels suggests that 
they are at least as old as Pliocene. No verte: 
brate or invertebrate fossils were found, s 
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that no paleontological dating is available for 
any of these events, but obviously the youngest 
of the events are late Pleistocene to sub-Recent 
inage. The presence of an old lake (?) bed east 
of Chivela, and the widespread character and 
thickness of the gravels near the present con- 
tinental divide suggests that it was somewhat 
south of its present position at the time these 
features were formed. A detailed study of this 
area should be very revealing concerning the 
late Cenozoic events that have taken place 
here. 


Tuxtla Gutierrez Area 


In the Tuxtla Gutierrez area marine sedi- 
ments ranging in age from Cretaceous to 
Miocene (Bése, 1905, p. 22-33) are present but 
because Pacific affinities have been inferred 
(Gardner and Bowles, 1934, p. 241; Maldo- 
nado-Koerdell, 1950, p. 193-195) from small 
Eocene faunas described from this region, the 
present investigations centered on the Eocene- 
Oligocene. The locality from which Gardner 
and Bowles described their fossils is difficult to 
reach from Tuxtla Gutierrez so the more easily 
accessible nearby sections of similar age were 
studied. 

In general between Tuxtla Gutierrez and 
the town of Suchiapa the post-Paleozoic sedi- 
ments are folded into a broad gentle syncline, 
trending northwest-southeast. Eocene sedi- 
ments are extensively exposed in this syncline 
and the Mesa de Copoya (also spelled Copolla) 
between the two towns, is capped by limestones 
and calcareous sandstones of this age. The poorly 
exposed sediments beneath the limestones are 
probably largely shales. In an arroyo at the in- 
tersection of Calle 5 Sur and Calle 5 Oriente in 
Tuxtla Gutierrez, about 15 m of dark-gray shales 
is exposed. Three samples (A-8102, A-8127, 
A-8140) were collected here and contain many 
small Foraminifera. These have not been exam- 
ined in detail as yet, but after a preliminary 
examination V. S. Mallory (Personal commu- 
nication, May 23, 1952) reported abundant 
fossils and that perhaps 15 per cent of the 
species also occur in the Eocene of California. 
Since Eocene smaller Foraminifera are widely 
distributed, this percentage does not seem to 
indicate any close relationship with the Cali- 
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fornia Eocene faunas. According to Mallory, 
a sample (A-8105) of a similar shale exposed 
where the road to Villa de Flores crosses Rio 
Suchiapa south of Suchiapa has a less-varied 
fauna, with about a third of the species found 
also in the California Eocene. This higher per- 
centage might be more significant than that 
reported from the other samples, but until the 
faunas are more thoroughly studied it seems 
unwise to place any emphasis on this one 
sample. 

Although the top edges of the Mesa de 
Copoya are formed of thick coralline and fora- 
miniferal limestones, fossils are not very well 
preserved nor easy to collect. A sample (A-8096) 
from these limestones at the south edge of the 
mesa at km 12.1 (from Tuxtla Gutierrez) along 
the Villa de Flores road, contains several 
unidentified corals, a few poorly preserved 
mollusca, coralline algae, and some large 
Foraminifera. W. Storrs Cole examined the 
Foraminifera and reports (Personal communica- 
tion, April 29, 1953) that they include Borelis 
cardenasensis Barker and Grimsdale (a Cre- 
taceous index fossil) and Amphistegina sp. The 
genus Amphistegina is not known from the pre- 
Tertiary, and inasmuch as these limestones 
overlie the shales outcropping in Tuxtla 
Gutierrez and on the Rio Suchiapa, the Borelis 
is either reworked from the Cretaceous (which 
is imporbable considering its abundance in 
the sample) or it has a longer time range than 
it is usually credited with. 

Along the road about 4 km north of locality 
A-8096, and apparently somewhat higher 
stratigraphically, a sequence of calcareous 
glauconitic sands, calcareous sands, and thin- 
bedded limestone crops out. Some of the highly 
calcareous beds contain numerous fossils that 
could not be collected. The basal glauconitic 
bed (locality A-8097) contains abundant large 
Foraminifera and a few gastropods. A thin- 
bedded marly limestone (locality A-8098) 
about 100 feet higher stratigraphically contains 
large Foraminifera and the annelid Tubulostium. 

The Tubulostium seems to be T. cortezi 
Gardner, a species which Maldonado-Koerdell 
(1950, p. 198) has reported from near Tectua- 
pan, some 90 kms to the north. Gardner (1939, 
p. 20) notes that T. cortezi occurs at a horizon 
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corresponding to the top of the Mount Selman 
formation (= to top of lower Claiborne) of 
northern Mexico. According to Cole (Personal 
communication, April 14, 1953) sample A-8097 
contains Pseudophragmina (Proporocyclina) 
compacta Cole and Gravel, a species charac- 
teristic of the basal Guayabal formation (= 
Cook Mountain formation) whereas locality 
A-8098 contains Pseudophragmina (Proporo- 
cyclina) zaragosensis (Vaughan), Helicostegina 
gyralis Barker and Grimsdale, and Ferayina 
coralliformis Frizzel, an assemblage indicative 
of “a lower horizon of the middle Eocene. 
Weches of Texas or lower’’. Since the Tubu- 
lostium occurs at this same locality, and locality 
A-8097 appears (it is possible that a fault might 
have been missed) to be about 100 feet lower 
stratigraphically than A-8098, there is a slight 
discrepancy in the determined ages. All indica- 
tions favor an age equivalent to that of some 
part of the middle Claiborne of the Gulf Coast 
(middle Eocene in terms of the European sec- 
tion). 

A few kilometers northwest of localities 
A-8097 and A-8098 on the slopes and ridges 
leading up to the hill called Sanaté, 0.6-1.5 
km west and southwest of the village of Co- 
poya, a considerable sequence of thin-bedded 
foraminiferal limestones is overlain by fine- 
grained calcareous fossiliferous sandstones, 
gravel, and pebble conglomerates In the field 
these beds appeared younger than those at 
A-8097 and A-8098. The thin-bedded fora- 
miniferal limestones (localities A-8099 and 
A-8103) are about 60-90 m thick. The over- 
lying fine calcareous sandstone and con- 
glomerate, about 30 m thick, are locally quite 
fossiliferous (locality A-8100). Overlying this 
is about 60 m of sandstone with rare fossils 
(locality A-8101) and occasional pebbles, 
changing to gravel and pebble conglomerates 
toward the top. The Tubulostium from lo- 
cality A-8101, although seemingly closely 
related to T. cortezi, is more trochoid and less 
planispiral, and has a more-rounded periphery 
than the specimens from locality A-8098, pos- 
sibly signifying an age difference. Cole identified 
the following large Foraminifera from these 
localities: 

A-8099, 


—— guayabalensis Barker (locs. 


A-8100, A'si01, A-8103) 
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Eulinderina guayabalensis (Nuttall) (locs. A-8099, 
A-8100, A-8103) 


Lepidocyclina (Polylepidina) antillea Cushman 
(locs. A-8100, A-8101, A-8103) 

Pseudophragmina (Proporocyclina) per pusilla 
(Vaughan) (loc. A-8099) 


According to Cole, all these samples “repre. 
sent virtually the same horizon in the Guaya. 
bal formation = Cook Mountain of Texas”, 
or in terms of the European section the upper 
part of the middle Eocene. The molluscs and 
corals from locs. A-8100 and A-8101 have not 
been identified but they appear to be of shallow. 
water types. 

None of the species show any readily ap. 
parent affinities with the North Pacific coastal 
Eocene faunas. All identified fossils from the 
Mesa de Copoya area are known in the Gulf of 
Mexico-Caribbean area. The unidentified fos. 
sils do not suggest any known North Pacific 
coastal Eocene fauna. It would appear that the 
four species listed by Maldonado-Koerdell 
(1950, p. 194) are not significant indicators of 
North Pacific affinities of the Eocene faunas of 
this region, but are merely members of geo- 
graphically widespread species complexes of 
this period. 

About 4 km east of the point where the 
Tuxtla Gutierrez-Villa de Flores road crosses 
the Rio Suchiapa and just west of the Village of 
Blas Lopez there is a conspicuous hill in the 
middle of the valley, on the south side of the 
river, called Cerro Colorado. It is in part com- 
posed of red beds, those of the upper part 
the hill, perhaps several hundred feet thick, ap- 
pear to rest on a light-colored pebbly quartzose 
sand about 30 m thick which in turn rests on 
calcareous medium- to fine-grained sandstones, 
locally fossiliferous (loc. A-8104) and at least 
20 m thick. The fossils from locality A-8104 
include Turritella sp., cf. T. nasuta Gabb, 
Mesalia sayi Bowles, Mesalia douvillei (Woods), 
Venericardia sp. cf. V. densata malinchat 


Gardner and Bowles, and “Cerithium” sp. 
Since Mesalia douvillei was described from the! 


Negritos formation, Paleocene of Peru (Olsson, 
1942, p. 272) and Mesalia sayi Bowles is from 
beds now referred to Paleocene (Gardner, 
1945, p. 7 and Table 2, p. 34) it seems highly 
probable that the fossiliferous beds may be re 
ferred to the Paleocene, 

Like the faunas from the Eocene, this fauna 
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does not suggest any relationship with the 
known California Paleocene fauna. The single 
Peruvian species indicates a probably rounda- 
bout connection with Peru, possibly through 
the Bolivar trough of Colombia or through the 
Panamic area. 

No other red beds are known to be associated 
with the Paleocene or Eocene of this region, so 
the question may be raised as to whether the 
Cerro Colorado red beds occur in a normal 
stratigraphic position above the fossiliferous 
beds. The limited observations suggest normal 
relationships locally but in a normal sequence 
the nearest Eocene beds to the north and west 
should be older than the beds at Cerro Colorado 
if the attitudes in the covered intervening areas 
are the same as in the outcrops. It is thus ap- 
parent that folding or faulting must occur in 
the covered intervening area. If faulting exists 
there may be additional unnoted faulting be- 
tween the red-bed outcrops and the fossiliferous 
outcrops. 

Maldonado-Koerdell (1950, p. 193) has re- 
corded beds of Paleocene age from “Bluff in 
river near Suchiapa” (from locality description 
of Tubulostium leptostoma, Acila (Truncacila) 
sp, and Leda smirna, Maldonado-Koerdell, 
1950, p. 199-200) but the locality description 
isso vague that it is not clear to which beds he 
is referring. 

Throughout the Tuxtla Gutierrez area are 
Pleistocene valley fill, terraces and other de- 
posits. Many Pleistocene vertebrates have been 
found at various localities near Villa de Floers, 
and a number of these specimens, including re- 
mains of horses, glyptodonts, mastodons, and 
mammoths, are in the Museo Zoologica at 
Tuxtla Gutierrez. 


Northwestern Area 


From the northwestern edge of the Tehuan- 
tepec plain to about 50 km southeast of Oaxaca, 
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approximately 120 km (airline), the Pan- 
American highway passes through a moun- 
tainous region, following the course of the 
Tehuantepec River in part. Extensive areas of 
igneous rocks, both extrusive and intrusive, as 
well as interbedded sediments largely composed 
of volcanic materials, and Pleistocene terraces 
and valley fill are exposed along this road. 

At El Dionisio (km post 604, the point where 
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the road from Oaxaca starts to descend into 
the canyon of the Tehuantepec River) a se- 
quence of steeply dipping varicolored tuffaceous 
sediments is in fault contact with low-dipping, 
olive-yellow, thin-bedded tuffaceous and ag- 
glomeratic shales with occasional intercalated 
purplish beds. The fault is approximately 
vertical and strikes N.80°W. A short distance 
farther along the road badly shattered and 
broken varicolored (mostly dark-colored) 
tuffaceous shales, tuffs, agglomerates, conglom- 
erates, and flows outcrop. For some 24 km, to 
beyond Totolopan, a similar volcanic complex 
is exposed with alternations of dominantly 
dark and dominantly light colored sequences. 
Beyond Totolopan 544 km a sequence of thick- 
bedded, well-indurated, dark olive-gray arkosic 
sandstones and thin-bedded shales is exposed. 
Part of the sequence is ripple-marked and lo- 
cally it contains “tracks and trails’ of unde- 
termined origin and plant fragments. This se- 
quence is exposed for about 1 km and then the 
volcanic facies reoccurs. The volcanic facies 
includes both rhyolites and andesites. These 
same types of rocks continue nearly to the 
village of Nejapa. Several formations are prob- 
ably involved in this complex, and from the 
degree of induration it is likely that all are of 
pre-Middle Tertiary age. 

A kilometer or so west of the village of 
Nejapa (about km post 664) a series of mod- 
erately consolidated, dominantly grayish- 
yellow sandstones, siltstones, tuffs and con- 
glomerates begins. This sequence crops out 
along the road for about 5 km. In a pebbly 
conglomerate at km 668.6 (loc. V-5207) a tooth 
of Merychippus was collected, and in a loose 
concretion (loc. V-5208) in an arroyo about 
150 m northwest of the house “El Gramal”’ at 
km 668 (PI. 2, fig. 2) the palate of a Merychippus 
and limb bones of a camel were found’. The bed 
from which the fossiliferous concretion came 
was probably a massive olive-brown silty sand- 
stone with occasional concretions. The strata 
from this bed to 100 m or more above the 
conglomerate in which the tooth was found con- 
sist of cream to grayish-yellow siltstones, clays, 
sandstones, and gravelly conglomerates. Lo- 





1 Since completion of the manuscript the mam- 
malian remains have been described by R. A. Stir- 
ton (1954), and a new faunal name, El Gramal, is 


proposed. 
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cally, cross-bedding and stream channeling are 
well developed, and in one bed (locality A- 
8095) fresh-water ostracods were abundant. 
Silicified tree trunks and fragments of wood were 
present sporadically. Below the concretionary 
bed, the strata examined (perhaps 30 m thick) 
consist of olive-green clays and thin-bedded 
sandstone, a gray tuff, a massive shale, and 
about 60 cm of a bright, light blue-gray, hard 
tuffaceous sandstone; the different coloration 
suggests that these lower beds might belong to a 
different formation than the Merychippus- 
bearing sequence. The entire series of beds in 
this area is moderately folded and locally 
faulted. The pebbles from the conglomerates 
in the upper sequence are dominantly volcanic 
or quartzitic, suggesting derivation from the 
more-indurated sequences exposed along the 
highway west of this area. From an airplane 
it can be seen that the Merychippus-bearing 
beds extend a considerable distance both to the 
southwest and northeast of Nejapa. These 
beds are cut by several river terraces up to a 
height of perhaps 300 m above the river. 

To the southeast of the valley in which the 
preceding beds are exposed, the mountains 
appear to be composed of more-indurated, 
light-green to gray tuffaceous sediments and 
volcanics. The tuffaceous sediments in places are 
thin-bedded, suggesting lacustrine deposition. 
The general aspect of the rocks from this point 
to Tequixistlan, except for a black, presumably 
much older crystalline limestone about 9 km 
northwest of Rio Hondo, suggests continental 
deposition. 

In the valley of the Rio Tequixistlan granitic 
rocks crop out for a considerable distance along 
the southeastern side, while several river ter- 
races and a moderate thickness of poorly con- 
solidated, presumably late Cenozoic sands and 
gravels occur at several places west of the vil- 
lage of Tequixistlan. 


SUMMARY 


A thin veneer of locally derived sediments 
covers the Tehuantepec plain in most places, 
although near the mountain front there are 
fluviatile sands and gravels of several ages. No 
evidence of marine terraces is found on the plain 
or on the sides of the inselbergs arising from 
the plain. No marine fossils are reported from 
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water wells, usually very shallow and commonly 
reaching bedrock. These findings contradict 
the statement of Schuchert and Baker that 
marine Pleistocene occurs on the plain, which 
is probably a pediplain with subsequent thin 
deposits of alluvium and stream gravels. The 
boundary between the plain and the mountain 
front appears to be a complex fault system, 
Several stream terraces occur in the valleys 
within the mountains. 

Marine Miocene deposits extend from the 
Gulf of Mexico southward more than halfway 
across the Isthmus of Tehuantepec, but are 
found only in the lowlands. Near their southern 
limits they are only gently warped and show no 
evidence of having extended into the relatively 
low divide area. The molluscan fauna of these 
beds contains some 60 species, all of which have 
a characteristic Caribbean-Gulf of Mexico 
aspect, and none of which indicate any Pacific 
affinities. Within the divide area the only post- 
Mesozoic deposits are a series of late Cenozoic 
nonmarine sands and gravels of several ages. 
These sediments, mostly fluviatile and well 
exposed in deep road cuts and stream valleys, 
indicate a complex later history for the area, 
There is no evidence whatsoever for any post- 
Mesozoic seaway through this immediate area. 

Within the Tuxtla Guiterrez area, on the 
north side of the continental divide which is 
much higher than in the Isthmus proper, ma- 
rine Paleocene and Eocene beds are widespread. 
They are largely of shallow-water character 
although there are some deeper-water shales 
present. A preliminary examination of the 
smaller foraminiferan faunas of the shales indi- 
cates that a number of the species also occur in 
California, but in view of the widespread nature 
of smaller foraminiferan faunas of these ages, 





the similarity is not considered significant. 
The larger Foraminifera from the associated 
shallow-water sediments have been identified.| 
They generally indicate a middle Eocene age 
and are all species which occur in the Carib- 
bean-Gulf of Mexico area. In the lower part of 
the section a Paleocene molluscan fauna occurs. 
Four of the five species upon which the age 


determination is based either occur or have| 


close relatives in the Gulf of Mexico area. The 
fifth species was described from Peru and seem- 
ingly indicates a connection through the 
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SUMMARY 


Panama or northwestern Colombian area to the 
west South American coast. Many mollusca 
and corals were obtained from the Eocene. Most 
of these have not been identified specifically, 


- but they all have a Caribbean-Gulf of Mexico- 


northern South American aspect. Despite the 
inferences of Gardner and Bowles and Mal- 
donado-Koerdell that a few Eocene fossils 
from this area indicate affinities with the 
California faunas of similar age, no supporting 
evidence was recognized in the larger faunas 
here considered. If there had been an Eocene or 
Paleocene seaway to the Pacific through this or 
other nearby areas, the faunas would have more 
Pacific characteristics than hitherto reported. 

To the west and northwest of the Tehuan- 
tepec plain several volcanic and nonmarine 
sequences occur. The fossil horse Merychippus 
and bones of a camel, indicating a Miocene age, 
were found in one of the younger formations. 
No evidence of Cenozoic marine beds was ob- 
served in this area. 

All observed evidence supports the early 
conclusion of Bése (1905; 1906a) that no inter- 
oceanic seaways have existed in the Isthmus of 
Tehuantepec or nearby areas during the 
Cenozoic. The few possible Pacific elements re- 
corded from the Early Tertiary faunas suggest 
a less direct connection, possibly through the 
Panamic or northwestern Colombian areas. 


DESCRIPTION OF Fossit LOCALITIES 


All fossil localities occur within the area of the 
Tuxtla Gutierrez sheet, (Primera Edicion, 
1949), scale 1:500,000, of the Carta Preliminar 
(of Mexico), and issued by the “Comite Coor- 
dinador del Levantamiento de la Carta de la 
Republica. Mexicana,” with the exception of 


occur within the limits of the Oaxaca sheet of 
the same series. The locality numbers refer to 
the collections of the Museum of Paleontology 
: the University of California, Berkeley, Cali- 
omnia, 


A-8095.—Miocene, Oaxaca: from a road cut 
near km 668.5 on the Pan-American highway, 
about 0.5 km south along highway from Casa El 
Gramal which is not far south of village of Nejapa 

A-8096.—Eocene, Chiapas: on the Mesa de 
Copoya, near km 12.1 (from Tuxtla Gutierrez) 
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on the Tuxtla Gutierrez-Suchiapa road, on top of 
the mesa at the point where road starts to descend 
the south flank; from thin-bedded nodular lime- 
stone overlain by a sandy limestone with quartz 
pebbles 

A-8097.—Eocene, Chiapas: on the Mesa de 
Copeya, near km 8 on the Tuxtla Gutierrez-Su- 
chiapa road; from the base of calcareous glauconitic 
sands outcropping along the road 

A-8098.—Eocene, Chiapas: near the preceding 
locality but 0.4 km northward along the road and 
apparently about 30 m higher stratigraphically; 
from thin-bedded marly limestones 

A-8099.—Eocene, Chiapas: on the Mesa de 
Copoya, West of the Tuxtla Gutierrez road, on 
the east flank of the hill called Sanaté and about 
600 m west of the town of Copoya; from a thin- 
bedded limestone sequence apparently between 
60-90 m thick 

A-8100.—Eocene, Chiapas: same area as pre- 
ceding; from fine-grained calcareous sandstone 
and interbedded pebbly conglomerate about 60m 
thick and overlying the limestones included in 
A-8099 

A-8101.—Eocene, Chiapas: same area as pre- 
ceding locality; from a sandstone with occasional 
pebbles overlying beds included in A-8100 and 
extending almost to summit of Sanaté 

A-8102.—Eocene, Chiapas: from shale exposures 
in east bank of arroyo and south of the intersection 
of Calle 5 Sur and 5 Oriente, in town of Tuxtla 
Gutierrez : 

A-8103.—Eocene, Chiapas: from a thin sandy 
limestone at the top of the limestone sequence 
included in locality A-8099 

A-8104.—Paleocene, Chiapas: from southwest 
foot of Cerro Colorado, a hill just west of village 
of Blas Lopez and south of Rio Suchiapa and about 
4 km east of point where Tuxtla Gutierrez-Villa de 
Flores road crosses the Rio Suchiapa; from cal- 
careous fine-grained sandstone outcropping above 
the trail from Blas Lopez to village of Suchiapa 

A-8105.—Eocene or Paleocene, Chiapas: gray 
shale exposed on south bank of Rio Suchiapa just 
upstream from the crossing of the Tuxtla Gutierrez- 
Villa de Flores road 

A-8106.—Eocene or Paleocene, Chiapas: same 
locality as A-8105 but about 5m higher strati- 
graphically 

A-8121.—Pleistocene(?), Oaxaca: from exposures 
alongside roadbed near km post 842 on Pan-Ameri- 
can highway, about 70 km west of Zanatepec and 
20 km east of junction of trans-isthmian highway 
to Coatzocoalcos; probable swamp deposits 

A-8123.—Miocene, Vera Cruz: from gray silty 
shales exposed in road cut along trans-isthmian 
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highway from Salina Cruz to Coatzocoalcos, 
about 2.3 km south of the Rio Jaltepec 

A-8124.—Miocene, Vera Cruz: same area as 
locality A-8123, but 0.1 km south along the high- 
way; stratigraphically slightly higher 

A-8125.—Miocene, Vera Cruz: same area as 
locality A-8123 but 0.2 km south along the road; 
stratigraphically slightly higher than A-8124 

A-8127.—Eocene, Chiapas: same place as lo- 
cality A-8102, but about 8 m higher stratigraphically 

A-8140.—Eocene, Chiapas: same place as lo- 
cality A-8102, but about 15 m higher than locality 
A-8102 

V-5207.—Miocene, Oaxaca: same area as lo- 
cality A-8095 but 0.7 km south along highway 
from Casa El] Gramal; from conglomerate in cut 
on east side of road 

V-5208.—Miocene, Oaxaca: same general area 
as locality A-8095; a loose concretion from bottom 
of small arroyo west of Casa El] Gramal and about 
200 m up arroyo from the house. From its lithology 
and from similar appearing concretions in position 
in outcrops at this point, it appeared probable 
that the fossiliferous concretion was derived from 
the immediately adjacent outcrops. 
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INTRODUCTION 


This Reference List has been prepared as a 
project of the Committee on Teaching Aids, 
of the Division on Engineering Geology, 
Geological Society of America, under chair- 
manship of Arthur B. Cleaves. A brief pre- 
liminary draft was issued in 1949. A longer 
“working draft” was distributed in 1951 and 
1952, as a basis for soliciting suggestions for 
improvement. The present version has been 
compiled with the benefit of suggestions from 
many individuals and the advice and assistance 
of subcommittees for review of the various 
sections, 

Editor’s Note: The form of the bibliographic 


citations in this paper has not been edited, although 
it departs from Bulletin style. 


SUBCOMMITTEES FOR THE REEFERENCE 
List 


General Engineering Geology: Alice S. Allen, Chair- 
man; C. E. Erdmann, W. J. Mead, F. E. Fahlquist, 
J. W. Vanderwilt 

Construction Materials—General and Miscellane- 
ous: H. G. Hershey, Chairman; E. F. Bean, 
Ernest Dobrovolny, M. M. Leighton 

Aggregates: R. H. Nesbitt, Chairman; Bryant 
Mather, Duncan McConnell 

Concrete, Cement, and Pozzolans: R. C. Mielenz, 
Chairman; Bryant Mather, Duncan McConnell 

Clays and Ceramics: R. E. Grim 

Dams and Reservoirs: S. S. Philbrick, Chairman; 
R. E. Barnett, H. A. Coombs 

Foundations for Buildings and Bridges: R. F. 
Legget, with assistance of the library staff, Divi- 
sion of Building Research, National Research 


993 








994 


Council, Canada, under direction of Miss R. J. 
Brodie, Librarian 

Tunnels and Conduits; Canals: W. H. Irwin, Chair- 
man; T. W. Fluhr, E. N. Harshman, E. E. Wahl- 
strom 

Highway Geology: J. H. Melvin, Chairman; C. S. 
Gwynne, S. E. Horner, John Hyland 

River Engineering: J. R. Schultz, Chairman; C. R. 
Kolb 

Coastal Engineering: F. P. Shepard, Chairman; 
D. L. Inman, W. C. Krumbein, J. B. Lucke, 
M. A. Mason 

Military Geology: Alfred Clebsch, Jr., M. P. Con- 
naughton, A. H. Nicol, F. C. Whitmore, Jr. 

Soils and Soil Mechanics: W. R. Judd 

Underground Water: R. M. Leggette, Chairman; 
H. C. Barksdale, M. L. Brashears, N. J. Lusczyn- 
ski 

Landslides and Related Features: D. J. Varnes 

Earthquakes: L. D. Leet 

Permafrost: W. S. Benninghoff, D. N. Hopkins 

Sedimentation: P. D. Trask 

Drilling and Sampling; Grouting: L. C. Armstrong, 
Chairman; F. C. Sturges 

Geophysical Methods: H. L. Scharon 

Use of Air Photos: H. T. U. Smith, Chairman; R. F. 
Black, H. E. Simpson 


ACKNOWLEDGMENTS 


Many individuals have contributed sugges- 
tions for improvement of this Reference List, 
in addition to those serving on the reviewing 
sub-committees. Suggestions have been re- 
ceived through many channels, and direct 
acknowledgment of some may have been over- 
looked, but all have been appreciated. Records 
of all suggestions are incomplete, but among 
those who have aided the project are the fol- 
lowing, to whom recognition is due: 


H. R. Aldrich A. J. Holmberg 


A. F. Bateman, Jr. C. D. Holmes 

E. B. Burwell, Jr. W. A. Nelson 

A. S. Cary J. B. Patton 

R. W. Chapman Roger Rhoades 

W. V. Conn Gordon Rittenhouse 
C. S. Content C. F. Stewart Sharpe 
B. B. Cox Duncan Stewart 

E. B. Eckel W. C. Thompson 

R. M. Foose A. O. Woodford 


ParRTIAL List OF PUBLICATIONS, 
AGENCIES, AND INSTITUTIONS 
CITED 


The following list is intended to identify 
the publications, agencies, and institutions for 


ENGINEERING GEOLOGY REFERENCE LIST 


which abbreviations have been used, and t 
provide addresses from which the publicatioy 
may be obtained, or information may be oh 
tained regarding their availability. It is cop 
sidered unnecessary to list commercial bog 
publishers, and they have been omitted. Th 
full name and address generally have bee 
included in the citations of publications liste 
only once, and those are not repeated in thi 
section. 


The designation, as used in the citations, j 
given first, followed by the full name if 
abbreviation has been used. The name is a 
repeated, if no abbreviation has been used 
unless repetition is desirable for clarity. Thi 
name of publisher or publishing agency i 
given next, followed by the address. 
Advancement of Science. British Association for th 

Advancement of Science, Burlington Hous 

London W.1, England 
Agric. Eng. Agricultural Engineering, Americar 

Society of Agricultural Engineers, 505 Pleasan 

St., St. Joseph, Mich. 

AAPG. American Association of Petroleum Geolo 
gists, Box 979, Tulsa, Okla. 

AASHO. American Association of State Highway 
Officials, 917 National Press Bldg., Washingtor 
4, D.C. 

ACS. American Ceramic Society, 25251 N. High 
St., Columbus 2, Ohio 

ACI. American Concrete Institute, 18263 W. Mc 
Nichols Rd., Detroit 19, Mich. 

Am. Geogr. Soc. American Geographical Society 
New York, Broadway at 156 St., New York 32 
N. Y. 

A. G. I. American Geological Institute, 2101 Cor: 
stitution Ave., Washington, D. C. 

AGU. American Geophysical Union, 1530 P St, 
NW, Washington, D. C. 

AIME. American Institute of Mining and Metal 
lurgical Engineers, 29 W. 39 St., New York 
N. Y. 

Am. Jour. Sci. American Journal of Science, Ster 
ling Tower, Yale University, New Haven, Conn 





Am. Mineralogist. American Mineralogist, Dr. Ear 
Ingerson, U. S. Geological Survey, Washington 
25, D.C. 

API. American Petroleum Institute, 
Tulsa, Okla. 

Am. Rwy. Eng. Assoc. American Railway Engi- 
neering Association, 59 E. Van Buren St., Chi- 
cago 5, Il. 

ASTM. American Society for Testing Materials, 
1916 Race St., Philadelphia 3, Pa. 


Box 979 


Al 


A 


B 





d, and t 
iblication| ~ 


ay be obf 
[t is con 


cial bod! 
tted. The 
lave bees 
ons liste 

ed in thi 








een used 
rity. Th 
agency i 


ion for th 
mn House 


Americay 
5 Pleasan 


um Geolo} 


: Highwa} 
/ashingtom 





N. Hig 
3 W. Mc 


Society 
- York 32 


2101 Con 


30 P St, 


rd Metalt” 


ew York, 


nce, Ster 
en, Conn. 
, Dr. Ear! 
ashingtot} 





Box 979} 


ray Engi 
St., Chi! 


Materials, 


PARTIAL LIST OF PUBLICATIONS, AGENCIES, AND INSTITUTIONS CITED 


ASCE. American Society of Civil Engineers, 33 W. 
39 St., New York 18, N. Y. 

Am. Soc. Photogrammetry. American Society of 
Photogrammetry, Box 18, Benjamin Franklin 
Station, Washington, D. C. 

Angew. Chem. Angewandte Chemie, Verlag Chemie 
G. m. b. H., Bergstrasse, Weinheim, Germany 

AWWA. American Water Works Association, 521 
Fifth Ave., New York 17, N. Y. 

Application of Geology to Engineering Practice. 
327 p., N. Y., Geological Society of America, 
Berkey Volume, 419 W. 117 St., New York 27, 
N.Y. 

Applied Sedimentation, a Symposium. 707 p., N. 
Y., John Wiley & Sons, edited by Parker D. 
Trask 

Architectural Record. F. W. Dodge Corp., 119 W. 
40 St., New York 18, N. Y. 

Arctic. Journal of the Arctic Institute of North 
America, 3485 University St., Montreal, Canada 

Australia C.S.I.R. Commonwealth of Australia, 
Council for Scientific and Industrial Research 
(changed to Australia C.S.I.R.O. in 1949) 

Australia C.S.I.R.O. Australia, Commonwealth 
Scientific and Industrial Research Organization, 
314 Albert St., E. Melbourne C.2, Victoria, 
Australia 

Australian Jour. App. Sci. Australian Journal of 
Applied Science, Commonwealth Scientific and 
Industrial Research Organization, 314 Albert St., 
E. Melbourne C.2, Victoria, Australia 

Bautechnik. Verlag von Wilhelm Ernst & Sohn, 
Hohenzollerndamm 169, Berlin-Wilmersdorf, 
Germany 

BEB. Beach Erosion Board, Corps of Engineers, 
Department of the Army, Washington, D. C. 

Better Roads. Better Roads, 173 W. Madison St., 
Chicago 2, Ill. 

Boston Soc. Civ. Eng. Boston Society of Civil 
Engineers, 715 Tremont Temple, Boston, Mass. 

Brit. Cer. Soc. British Ceramic Society, North 
Staffordshire Technical College, Stoke-on-Trent, 
England 

Building Research Congress. Organizing Secretary, 
Building Research Congress, 57 Onslow Gardens, 
London S.W.7, England 

Bull. Tech. de la Suisse Romande. Bulletin Tech- 
nique de la Suisse Romande, Case Postale Ri- 
ponne 21, Lausanne, Switzerland 

Bureau of Standards. Same as National Bureau of 
Standards 

Cal. Inst. Technology, Earthquake Research Lab- 
oratory. Earthquake Research Laboratory, Cali- 
fornia Institute of Technology, Pasadena, Calif. 

Canada G. S. Canada, Geological Survey, Ottawa, 
Canada 


995 


Canada, Nat. Res. Coun., Assoc. Comm. on Soil 
and Snow Mech. The Secretary, Associate Com- 
mittee on Soil and Snow Mechanics, %The Divi- 
sion of Building Research, N. R. C., Ottawa, 
Canada 

Canadian Inst. Min. and Met., Trans. The Transac- 
tions of the Canadian Institute of Mining and 
Metallurgy and of the Mining Society of Nova 
Scotia, Drummond Bldg., Montreal, Canada 

Canadian Inst. Min. & Metallurgy, Bull. The 
Canadian Mining and Metallurgical Bulletin, 
The Canadian Institute of Mining and Metal- 
lurgy, Drummond Bldg., Montreal, Canada 

Canadian Min. Jour. Canadian Mining Journal, 
National Business Publications, Ltd., Garden- 
vale, Quebec, Canada 

Carnegie Instn. Carnegie Institution of Washing- 
ton, Washington, D. C. 

Civ. Eng. Civil Engineering, American Society of 
Civil Engineers, 33 W. 39 St., New York 18, 
N.Y. 

Civ. Eng. (London). Civil Engineering and Public 
Works Review, Lomax, Erskine & Co., Ltd., 8 
Buckingham St., London W.C.2, England 

Colo. Sch. Mines Quart. Colorado School of Mines 
Quarterly, Colorado School of Mines, Golden, 
Colo. 

Colorado Scientific Society. New Custom House, 
Denver 2, Colo. 

Columbia Univ., Civil Eng. Dept. Civil Engineer- 
ing Department, Columbia University, New 
York, N. Y. 

Columbia Univ., School of Mines Quarterly. School 
of Mines Quarterly, Columbia University, New 
York, N. Y. 

Compass. The Compass, Sigma Gamma Epsilon, 
Professor W. A. Tarr, Editor, University of Ne- 
braska, Lincoln, Neb. 

Conf. Coastal Eng., (First, Second, Third). Con- 
ference on Coastal Engineering, Council on Wave 
Research, The Engineering Foundation, Univer- 
sity of California, Berkeley, Calif. 

Cong. on Large Dams, (Second, Third, Fourth). 
Congress on Large Dams, International Com- 
mission on Large Dams of the World Power 
Conference; Second, Supt. of Documents, Gov- 
ernment Printing Office, Washington, D. C.; 
Third, Stockholm, Sweden; Fourth, U. S. Com- 
mittee on Large Dams, P. O. Box A-A, Boulder 
City, Nev. 

Crushed Stone Journal. National Crushed Stone 
Association, 1415 Elliott Place, N. W., Washing- 
ton 7, D.C. 

Delaware G. S. Delaware Geological Survey, 
Newark, Dela. 








996 


Delaware Water Supply News. Board of Water 
Supply, City of New York, 120 Wall St., New 
York 5, N. Y. (A few copies available on request) 

D.S.I.R. Great Britain, Department of Scientific 
and Industrial Research, London, England 

Econ. Geol. Economic Geology, Economic Geology 
Publishing Co., Urbana, III. 

Electrochemical Soc. Electrochemical 
235 W. 102 St., New York 25, N. Y. 

Engineer (London). The Engineer, 28 Essex St., 
London W.C.2, England 

Eng. Jour. (Montreal). Engineering Journal, En- 
gineering Institute of Canada, 2050 Mansfield 
St., Montreal, Canada 

Eng. Min. Jour. Engineering and Mining Journal, 
McGraw-Hill Publishing Co., Inc., 330 W. 42 St., 
New York, N. Y. 

ENR. Engineering News-Record, McGraw-Hill 
Publishing Co., Inc., 330 W. 42 St., New York, 
NN, ¥. 

Explosives Engineer. Hercules Powder Co., Dela- 
ware Trust Bldg., Wilmington, Dela. 

Federal Inter-Agency Sedimentation Conf., Proc. 
Proceedings of the Federal Inter Agency Sedi- 
mentation Conference, Denver, May 6-8, 1947, 
U. S. Bureau of Reclamation, Washington, D. C. 

Geogr. Jour. Geographical Journal, Royal Geo- 
graphical Society, Kensington Gore, London 
S.W.7, England. 

Geogr. Rev. Geographical Review, American Geo- 
graphical Society of New York, Broadway at 
156 St., New York 32, N. Y. 

GSA. Geological Society of America, 419 W. 117 
St., New York 27, N. Y. 

Geol. Soc. London Quart. Jour. Quarterly Journal 
of the Geological Society of London, H. K. Lewis 
& Co., Ltd., 136 Gower St., London W.C.1, 
England 

Geologie en Mijnbouw. G. A. Tiesing, Vogelkerstr. 
48, The Hague, Netherlands 

Geophysics. Society of Exploration Geophysicists, 
450 Ahnaip St., Menasha, Wis. 

Geotechnique. Institution of Civil Engineers, Great 
George St., London S.W.1., England 

GPO. Government Printing Office, Washington, 
D. C. (Address Superintendent of Documents) 

Great Britain, D.S.I.R. Great Britain, Department 
of Scientific and Industrial Research, London, 
England 

Harvard Univ., Grad. Sch. Eng. Graduate School of 
Engineering, Harvard University, Pierce Hall, 
Cambridge, Mass. 

HRB. Highway Research Board, National Re- 
search Council, 2101 Constitution Ave., Wash- 
ington 25, D. C. 

Hydrographic Office. Navy Department, Washing- 
ton, D. C. 


Society, 





ENGINEERING GEOLOGY REFERENCE LIST 


Hydrology. Physics of the Earth—IX, Hydrology, 
edited by Oscar E. Meinzer, 712 p., N. Y. and | 
London, McGraw-Hill Book Co., 1942. Reprinted, | 
Dover Publications, Inc., N. Y. 19, 1949 

Ill. G. S. Illinois Geological Survey, Urbana, II, 

Ind. Eng. Chem. Industrial and Engineering Chem. 
istry, American Chemical Society, 1155 16 St, 
NW, Washington, D. C. 

Inst. Eng. Res. Institute of Engineering Research, | 
University of California, Berkeley, Calif. 

Instn. Civ. Eng. Institution of Civil Engineers, 
1 Great George St., Westminster, London S.W.1, 
England 

Instn. Mun. Eng. Institution of Municipal Engi- 
neers, 84 Eccleston Square, London S.W.1, Eng. 
land 

Int. Conf. Soil Mech. and Found. Eng. (Second, 
Third). International Conference on Soil Me 
chanics and Foundation Engineering; Second, 
Gebruder Keesmaat, Harlem, The Netherlands; 
Third, Organizing Committee, ICOSOMEF, 
Gloriastrasse 39, Zurich 6, Switzerland 

Int. Comm. on Large Dams. See Cong. Large Dams 

Iowa G. S. Iowa Geological Survey, Iowa City, 
Iowa 

Jour. Geol. Journal of Geology, University of Chi- 
cago Press, 5750 Ellis Ave., Chicago, IIl. 

Jour. Geomorph. Journal of Geomorphology, 
Columbia University Press, 2960 Broadway, 
New York, N. Y. (Publication discontinued) 

Jour. Sed. Pet. Journal of Sedimentary Petrology, 
Society of Economic Paleontologists and Miner- 
alogists, Box 979, Tulsa 1, Okla. 

Jour. Soil and Water Cons. Journal of Soil and 
Water Conservation, Soil Conservation Society 
of America, 32nd St. and Elm Ave., Baltimore 11, 
Md. 

Jun. Instn. Engrs., Jour. Journal of the Junior 
Institution of Engineers, 39 Victoria St., London 
S.W.1, England 

Kans. G. S. Kansas Geological Survey, Lawrence, 
Kans. 

Kans. Hwy. Eng. Conf. 1946, Proc. Proceedings of 
the Kansas Highway Engineering Conference 
1946, Kansas State College, Manhattan, Kans. 

Kans. State Coll. Kansas State College, Manhat- 
tan, Kans. 

Le Genie Civil. Le Genie Civil, 5, rue Jules Le 
febvre, Paris (9e), France 

Louisiana G. S. Louisiana Geological Survey, 
Baton Rouge, La. 

Mil. Eng. The Military Engineer, Society of Amer-| 
ican Military Engineers, Mills Bldg., Washing-| 
ton 6, D. C. ' 

Min. Eng. Mining Engineering, American Institute 
of Mining and Metallurgical Engineers, 29 W. 
39th St., New York 18, N. Y. 





Miss. 
Cor 
Vicl 

Mun. 
Mu 
29 | 

Nat. 
210. 

Nat. E 


Lab 


Pub. | 
Offi 
Pub. | 
Cor 
Purdu 
Recen' 
by I 
of P 
Revue 
Can 
Roads 
May 
Rocks 
kill, 
Royal 
Otte 
Scienc 
van 
NW 
Schwe 
tag, 
Sci. M 
ciati 
Mas 
Scripp 
of 0 
La ] 


logy, 
_ and 
nted 


» Ill, 
hem- 
St, 


arch, 


ers, 
W.1, 


Engi- 
Eng- 


ond, 


ond, 
unds; 
{EF, 


ams 
City, 


Chi- 


logy, 
way, ’ 
d) 
logy, 
iner- 
and 
ciety 
e 11, 


inior 
ndon 


ence, 
gs of 
ence 
ans. 
rhat- 
| Le 


rvey, 





mer- 
hing- 
t 
itute 
) W. 





PARTIAL LIST OF PUBLICATIONS, AGENCIES, AND INSTITUTIONS CITED 


Miss. River Comm. Mississippi River Commission, 
Corps of Engineers, Department of the Army, 
Vicksburg, Miss. 

Mun. Eng. Jour. Municipal Engineers Journal, 
Municipal Engineers of the City of New York, 
29 W. 39th St., New York, N. Y. 

Nat. Acad. Sci. National Academy of Sciences, 
2101 Constitution Ave., Washington 25, D. C. 

Nat. Bur. Standards. National Bureau of Standards, 
Department of Commerce, Washington, D. C. 

National Sand & Gravel Assoc. National Sand and 
Gravel Association, 1325 E. St., NW, Washing- 
ton 4, D. C. 

N. C. Eng. Exp. Sta. Engineering Experiment 
Station, North Carolina State College, Raleigh, 
N.C. 

Ohio State Univ., Eng. Exp. Sta. Engineering Ex- 
periment Station, Ohio State University, Colum- 
bus, Ohio 

Pa. State Coll., Mineral Industries Exp. Sta. Min- 
eral Industries Experiment Station, Pennsyl- 
vania State College, State College, Pa. 

Pa. Topo. and Geol. Sur. Pennsylvania Topo- 
graphic and Geologic Survey, Harrisburg, Pa. 

Photogram. Eng. Photogrammetric Engineering, 
American Society of Photogrammetry, Box 18, 
Benjamin Franklin Station, Washington, D. C. 

Portland Cement Assoc., Research Labs. Research 
Laboratories, Portland Cement Association, 33 
W. Grand Ave., Chicago, IIl. 

Pub. Roads. Public Roads, Government Printing 
Office, Washington 25, D. C. 

Pub. Works. Public Works, Public Works Journal 
Corp., 310 E., 45th St., New York 17, N. Y. 

Purdue Univ. Purdue University, Lafayette, Ind. 

Recent Marine Sediments, 2 Symposium. Edited 
by Parker D. Trask, 736 p., American Association 
of Petroleum Geologists, Tulsa, Okla. 

Revue de Canadienne de Geographie. Montreal, 
Canada 

Roads and Streets. Gillette Publishing Co., 22 W. 
Maple St., Chicago 10, IIl. 

Rocks and Minerals. Peter Zodac, Box 29, Peeks- 
kill, N. Y. 

Royal Society Canada. Royal Society of Canada, 
Ottawa, Canada 

Science. Science, American Association for the Ad- 
vancement of Science, 1515 Massachusetts Ave., 
NW, Washington 5, D. C. 

Schweizerische Bauzeitung. W. Jegher & S. Oster- 
tag, Dianastrasse 5, Zurich, Switzerland 

Sci. Monthly. Scientific Monthly, American Asso- 
ciation for the Advancement of Science, 1515 
Massachusetts Ave., N. W., Washington 5, D. C. 

Scripps Instn. Oceanography. Scripps Institution 
of Oceanography, of the University of California, 
La Jolla, Calif. 


997 


SCS. Soil Conservation Service, Department of 
Agriculture, Washington, D. C. 

Seismol. Soc. Am., Bull. Bulletin of the Seismo- 
logical Society of America, University of Calli- 
fornia Press, Berkeley, Calif. 

Smithsonian Instn. Smithsonian Institution, Wash- 
ington, D. C. 

Soc. Econ. Paleon. and Mineral. Society of Eco- 
nomic Paleontologists and Mineralogists, P. O. 
Box 979, Tulsa, Okla. 

Soil Sci. Soil Science, Williams and Wilkins Co., 
Mt. Royal and Guilford Aves., Baltimore 2, Md. 

Soil Sci. Soc. Am. Soil Science Society of America, 
2702 Monroe St., Madison 5, Wis. 

South Wales Inst. Eng. South Wales Institute of 
Engineers, Park Place, Cardiff, Wales 

TVA. Tennessee Valley Authority, Knoxville, 
Tenn. 

Univ. Illinois. University of Illinois, Urbana, III. 

Univ. Kentucky, Eng. Exp. Sta. Engineering 
Experiment Station, University of Kentucky, 
Lexington, Ky. 

Univ. Minnesota, Agric. Exp. Sta. Agricultural 
Experiment Station, University of Minnesota, 
University Farm, St. Paul 1, Minn. 

Univ. Minnesota, Eng. Exp. Sta. Engineering 
Experiment Station, University of Minnesota, 
Minneapolis, Minn. 

Univ. Washington (Seattle), Eng. Exp. Sta. En- 
gineering Experiment Station, University of 
Washington, Seattle, Wash. 

Univ. Wisconsin, Agric. Exp. Sta. Agricultural Ex- 
periment Station, University of Wisconsin, 
Madison, Wis. 

USBR. U. S. Bureau of Reclamation, Washington, 
D. C.; also, Denver, Colo. Most technical publi- 
cations available from: Publications Sales Office, 
Building 53, Denver Federal Center, Denver, 
Colo. 

U. S. Bur. Mines. U. S. Bureau of Mines, Washing- 
ton, D. C.; also, 4800 Forbes St., Pittsburgh, 
Pa. Most technical publications available from 
the Pittsburgh office 

U. S. Bur. Pub. Roads. U. S. Bureau of Public 
Roads, Washington, D. C. 

U. S. C&GS. U. S. Coast and Geodetic Survey, 
Washington, D. C. 

USCE. Corps of Engineers, Department of the 
Army, Gravelly Point, Washington 25, D. C. 

USDA. U. S. Department of Agriculture, Washing- 
ton, D. C. 

USGS. U. S. Geological Survey, Washington 25, 
B.C. 

U. S. Pub. Health Service. U. S. Public Health 
Service, Washington, D. C. 

U. S. Eng. Dept. U. S. Engineer Department; 
formerly used for U. S. Corps of Engineers. 








998 


WES. Waterways Experiment Station, Corps of 
Engineers, Department of the Army, Vicksburg, 
Miss. 

Yorkshire Geol. Soc. Yorkshire Geological Society, 
Department of Geology, The University, Leeds, 
England. 


GENERAL ENGINEERING GEOLOGY 


1. ASTM. Symposium on surface and subsurface 
reconnaissance. ASTM Spec. Tech. Publ. 122, 228 
p., 1952 

2. Bendel, Ludwig. Ingenieurgeologie; ein Hand- 
buch fur Studium und Praxis. Wien, Springer- 
Verlag, erste Halfte 832 p., 1949; zweite Halfte, 
832 p., 1948 

3. Berkey, Charles P. Responsibilities of the 
geologist in engineering projects (with discussion). 
AIME Tech. Publ. 215, p. 4-9, 1929 

4. Berkey, Charles P. The geologist in public 
works. GSA Bull., v. 53, p. 513-532, 1942 

5. Blyth, F. G. H. A geology for engineers. 
336 p., London, Arnold & Co., 3rd ed., 1952 

6. Bray, Arthur. Geology applied to building 
and engineering. 196 p., London, Pitman & Sons, 
1948 

7. Britt, Severine H. Selected abstracts on en- 
gineering geology and related subjects. USGS 
Circ. 75, 29 p., 1951; Circ. 259, 27 p., 1954 

8. Burwell, Edward B., Jr. Training geologists 
for service in the civil engineering organization. 
AGU Trans., v. 27, no. 4, p. 554-556, 1946 

9. Civil Engineering Codes of Practice Joint 
Committee. Site investigations (with 10 appendices) 
Instn. Civ. Eng., Civil Engineering Code of Prac- 
tice no. 1, 128 p., 1950 

10. Eckel, E. B. Research needed in engineering 
geology. Colorado Scientific Soc., 12 p., 1951. 

11. Ekblaw, George E. Twenty-five years of 
engineering geology in Illinois. Ill. Acad. Sci., 
Trans., v. 46, p. 7-16, 1953. (Ilinois State Museum, 
Springfield, Ill.) 

12. Fox, Cyril S. A comprehensive treatise on 
engineering geology. 392 p., N. Y., D. Van Nos- 
trand Co., 1935 

13. Fox, Cyril S. The geology of water supply. 
209 p., London, The Technical Press, 1949 

14. GSA. Application of geology to engineering 
practice. GSA, Berkey Volume, 327 p., 1950 

15. Kaye, Clifford A. Preparation of an engineer- 
ing geologic map of the Homestead quadrangle, 
Montana. HRB Bull. 13, p. 48-54, 1948 

16. Legget, Robert F. Geology and engineering. 
650 p., N. Y., McGraw-Hill, 1939 

17. Moos, Armin von. Engineering geology in 
Switzerland, a review of the literature. Géotech- 
nique, v. 1, p. 40-48, 1948 





ENGINEERING GEOLOGY REFERENCE LIST 


18. Moos, A. von, and Quervain, F. de. Tech. 
nische gesteinskunde. 221 p., Basel, Birkhauser et 
Cie., 1948 

19. Nickell, F. A. Development and use of en- 
gineering geology. AAPG Bull., v. 26, p. 1797-1826 
1942 

20. Paige, Sidney, and Rhoades, Roger. Report 
of committee on research in engineering geology, 
Society of Economic Geologists. Econ. Geol., y, 
43, p. 313-323, 1948 

21. Redlich, K. A., Terzaghi, K. von, and 
Kampe, R. Ingenieurgeologie. 708 p., Wien, Julius 
Springer, 1929 

22. Rhoades, Roger, and Irwin, William H. 
What the engineering geologist does. ENR, vy. 
139, no. 16, p. 90-94, 1947 

23. Rhoades, Roger F. Essays and excerpts on 
engineering geology. USBR, 45 p., 1949 (Supply 
Field Division, Attention Code 841, Bureau of 
Reclamation, Denver Federal Center, 
Colo.) 

24. Ries, Heinrich, and Watson, Thomas L. 
Elements of engineering geology. 469 p., N. Y., 
John Wiley & Sons, 2nd ed., 1947 

25. Robb, George L. Geologic techniques in civil 
engineering. Colo. Sch. Mines Quart., v. 44, no. 
3, p. 790-819, 1949; 2nd ed., p. 1120-1149, 1950 

26. Schultz, John R., and Cleaves, Arthur B. 
Geology in engineering. 559 p., N. Y., John Wiley 
& Sons, 1955 

27. Singer, Max. Der Baugrund; Praktische 
Geologie fur Architekten, Bauunternehmer und 
Ingenieure. 393 p., Wien, Julius Springer-Verlag, 
1932 

28. Trask, Parker D. (editor). Applied sedimen- 
tation, a symposium. 707 p., N. Y., John Wiley & 
Sons, 1950 

29. Trefethen, J. M. Geology for engineers. 
620 p., N. Y., D. Van Nostrand, 1949 

30. USCE. Engineering manual for civil works, 
part IV, geological investigations. U. S. Army, 
Office of the Chief of Engineers, 13 p., 1946 (Supt. 
Doc., GPO, Wash. 25, D. C.) 

31. USGS. Interpreting geologic maps for 
engineering purposes. USGS, 1953 (1954). (Topo- 
graphic, geologic, and interpretive maps of Holli- 
daysburg quadrangle, Pa., for teaching purposes; 
Office of Distribution, U. S. Geological Survey, 
Washington 25, D. C.; $1.75) 

32. Gignoux, Maurice, and Barbier, Reynold. 
Géologie des barrages et des aménagements hy- 
drauliques. 343 p., Paris, Masson et Cie, 1955 

33. Kiel, Karl. Ingenieurgeologie und geotechnik. 
1132 p., Halle (Saale), Wilhelm Knapp-Verlag, 1954 

34. Schultz, John R., and Cleaves, Arthur B. 
Geology in engineering. 592 p., N. Y., John Wiley 
& Sons, 1955 


Denver, 





35, TI 


phology. 
morpholc 


Con 
(Asterisk 


*{, Al 
1156 p., 
2. Ade 
tigation i 
especially 
Carnegie 
Am. Jour 
*3, AS 
including 
ceramics, 
proofing, 
4, Bat 
568 p., 2 
5. Bire 
cil, et al. 
Spec. Par 
6. Bra 
p, N. Y. 
7. Bra 
and engin 
1948 
8. Lad 
Non-met 
Hill, 2nd 
9. Star 
testing of 
46), p. 23 
10. WI 
Si p., N 


(Asterisk 


Sul 
Comprehe 


Distributi 
Samplit 
Properties 
Gradin; 
Pore St 
Hardne 
Shape, 
Weig 
Soundn 
Thermz 
Petrogr 





ech- 
T et 


826, 


port 
ogy, 


 % 


and 
alius 


5 on 
pply 
1 of 
ver, 


sche 
und 
rlag, 


nen- 
y& 
2eTS, 
rks, 
‘my, 
upt. 

for 


opo- 
olli- 


vey, 
old. 
nik. 
1954 


r B. 
liley 





CONSTRUCTION MATERIALS—GENERAL 999 


35, Thornbury, William D. Principles of geomor- 
phology. p» 571 -583 in Chapter 22 on applied geo- 
morphology, N. Y. , John Wiley & Sons, 1954 


CONSTRUCTION MATERIALS—GENERAL 
(Asterisks indicate most important references) 


*|, AIME. Industrial minerals and _ rocks. 
1156 p., N. Y., AIME, 2nd ed., revised, 1949 

2, Adams, Frank D., and Coker, E. G. An inves- 
tigation into the elastic constants of rocks, more 
especially with reference to cubic compressibility. 
Carnegie Instn., Publ. 46, 69 p., 1906. (Also see 
Am. Jour. Sci., 4th series, v. 22, p. 95-123, 1906). 

#3, ASTM. 1952 book of ASTM standards, 
including tentatives. Part 3—Cement, concrete, 
ceramics, thermal insulation, road materials, water 
proofing, soils. 1634 p., Philadelphia, ASTM, 1953 

4, Bateman, John H. Materials of construction. 
58 p., N. Y., Pitman Publishing Corp., 1950 

5. Birch, Francis, Schairer, J. F., Spicer, H. Ce- 
cil, et al. Handbook of physical constants. GSA, 
Spec. Paper 36, 325 p., 1942 

6. Brady, George S. Materials handbook. 913 
p, N. Y., McGraw-Hill, 7th ed., 1951 

7. Bray, Arthur. Geology applied to building 
and engineering. 196 p., London, Pitman and Sons, 
1948 

8. Ladoo, Raymond B., and Myers, W. M. 
Non-metallic minerals. 605 p., N. Y., McGraw- 
Hill, 2nd ed., 1951 

9, Stadtfeld, Nicolaas T. F. Inspection and 
testing of materials. ACI Jour., v. 21 (Proc., v. 
46), p. 237-247, 1949 

10. White, Alfred H. Engineering materials. 
Mip., N. Y., McGraw-Hill, 1939 


AGGREGATES 


(Asterisks indicate outstanding references) 


Subject References 
Comprehensive a, 2, 3, 7, 11%, 0, 
21, 23, 35, 38, 42, 47 
Distribution, Production, 


Sampling 2*, 16, 24, 33 
Properties and Tests a”, 2, 85 
Grading 1, 2, 13 
Pore Structure 1, 4, 20* 
Hardness, Strength 1, 2, 22, 27, 48 
Shape, Texture, 
Weight 1, 25 
Soundness, Durability 1, 22, 28, 40, 49 
Thermal Properties 9, 14, 46 
Petrographic Methods 1, 2, 26*, 28*, 36, 43 


Specific Materials: Coral 10; Chert 41, 49; Slag 16 

Specific Regions: Kansas 12, 39; Tennessee River 
39; Wyoming 19 

Lightweight Aggregates: 2*, 3, 6, 8, 17, 29, 30, 34 

Aggregates for Bituminous Construction: 2, 27, 31, 
44, 45 

Cement-Aggregate Reaction: See section on Con- 
crete 

Miscellaneous: 2, 21, 37 


1. *ASTM. Report on significance of tests of 
concrete and concrete aggregates. ASTM, 171 p., 
2nd. ed., 1943 

2. *ASTM. Symposium on mineral aggregates. 
ASTM, Spec. Tech. Publ. 83, 233 p., 1948 

3. Bickel, George. Expanded shale aggregate 
for concrete. Mil. Eng., v. 43, p. 252-254, 1951 

4. Blaine, R. L., Hunt, C. M. and Tomes, L. A. 
Use of internal-surface-area measurements in re- 
search on freezing-and-thawing of materials. HRB, 
Proc. 32nd Ann. Mtg., p. 298-306, 1953 

5. *Blanks, R. F. Modern concepts applied to 
concrete aggregate (with discussion). ASCE 
Trans., v. 115, p. 403-437, 1950 

6. Brouk, J. John. Perlite aggregate: its proper- 
ties and uses. ACI Jour., v. 21 (Proc., v. 46), p. 
185-190, 1949. 

7. Burns, S. L. Concrete aggregates. Eng. Jour. 
(Montreal), v. 35, p. 497-502, 1952 

8. Bush, Alfred L. Sources of lightweight 
aggregates in Colorado. Colorado Scientific Soc., 
Proc., v. 15, p. 305-368, 1951 

9. Callan, Edwin J. Thermal expansion of ag- 
gregates and concrete durability. ACI Jour., v. 23 
(Proc., v. 48), p. 485-504, 1952 

10. Dempsey, John G. Coral and salt water as 
concrete materials. ACI Jour., v. 23 (Proc., v. 48), 
p. 157-166, 1951 

11. *Fears, Fulton K. Bibliography on mineral 
aggregates (annotated). HRB, Bibliography no. 6, 
89 p., 1949 

12. Gibson, W. E. Use of sand-gravel aggregate 
in concrete. Proc. Kans. Hwy. Eng. Conf. 1946, 
Kans. State Coll., Bull., v. 30, no. 8, p. 83-95, 1946 

13. Glanville, W. H., Collins, A. R., and Mat- 
thews, D. D. The grading of aggregates and work- 
ability of concrete. D.S.I.R., Road Res. Tech. 
Paper no. 5, 38 p., 1947 

14. Griffith, J. H. Thermal expansion of typical 
American rocks. Iowa State Coll., Eng. Exp. Sta., 
Bull. 128, 36 p., 1936 

15. Griffith, J. H. Physical properties of typical 
American rocks. Iowa State Coll., Eng. Exp. Sta., 
Bull. 131, 56 p., 1937 

16. Hubbard, Fred. Production of commercial 
blast furnace slag. ACI Jour., v. 24 (Proc., v. 49) 
p. 713-719, 1953. 











1000 


17. Klinefelter, T. A., Hancock, Robert T., and 
Hamlin, Howard P. Testing of clays for light- 
weight aggregate. ACS Jour., v. 32, p. 294-304, 
1949 

18. Knight, Bernard H., and Knight, Rena G. 
Road aggregates, their uses and testing. 259 p., 
London, Edward Arnold & Co., 1948 

19. Landgren, Robert, and Sweet, Harold S. 
Investigation of durability of Wyoming aggre- 
gates. HRB, Proc. 3ist Ann. Mtg., p. 202-217, 1952 

20. Lewis, D. W. Research on concrete aggre- 
gates. Proc. 36th Ann. Road School, Purdue Univ. 
Eng. Bull., v. 34, no. 3, (Ext. Ser. no. 71), p. 70-86, 
1950 

21. *Lewis, D. W., Dolch, W. L. and Woods, 
K. B. Porosity determinations and the significance 
of pore characteristics of aggregates (with discus- 
sion). ASTM Proc., v. 53, p. 949-959, 1953 

22. Loughlin, G. F. An interesting case of danger- 
ous aggregate: the altered feldspar and causes of its 
disintegration. ACI Proc., v. 19, p. 150-153, 1923 

23. Loughlin, G. F. Qualifications of different 
kinds of natural stone for concrete aggregate (with 
discussion). ACI Proc., v. 23, p. 319-354, 1927 

24. Lynch, James F. Poor aggregate deposits 
made usable by sink-float refining process. Civ. 
Eng., v. 21, p. 705-707, 1951 

25. Markwick, A. H. D. The shape of road ag- 
gregate and its measurement. D.S.I.R. and Minis- 
try of Transport, Road Res. Bull. no. 2, 12 p., 1936 

26. *Mather, Katharine and Mather, Bryant. 
Method of petrographic examination of aggregates 
for concrete (with discussion). ASTM Proc., v. 50, 
p. 1288-1313, 1950 

27. Melville, Phillip L. Weathering study of 
some aggregates (with discussion). HRB, Proc. 
28th Ann. Mtg., p. 238-248, 1948 

28. *Mielenz, R. C. Petrographic examination 
of concrete aggregates. GSA Bull., v. 57, p. 309- 
318, 1946 

29. Neher, Leslie I. Pumice-light-weight aggre- 
gate. ACI Jour., v. 23 (Proc., v. 48), p. 65-75, 1951 

30. Niederhoff, A. E. Light-weight pumice 
concrete (with discussion). ASCE Trans., v. 115, 
p. 590-610, 1950 

31. Pauls, J. T., and Rex, Harry M. Design 
problems in the use of local aggregates for bitumi- 
nous surfaces. Pub. Roads, v. 26, p. 186-191, 1951 

32. Peyton, R. L. Condition of concrete pave- 
ments in Kansas as affected by the coarse aggre- 
gate component. Proc. Kans. Hwy. Eng. Conf. 
1946, Kans. State Coll. Bull., v. 30, no. 8, p. 96- 
124, 1946 

33. Plummer, Norman and Hladik, William B. 
The manufacture of ceramic railroad ballast and 
constructional aggregates from Kansas clays and 
silts. Kans. G. S., Bull. 76, pt. 4, p. 53-112, 1948 


ENGINEERING GEOLOGY REFERENCE LIST 


34. Price, Walter H. and Cordon, William 4 
Tests of lightweight-aggregate concrete designe; 
for monolithic construction. ACI Jour., y, 
(Proc., v. 45), p. 581-600, 1949 

35. Rexford, Elliot P. Some factors in the sele 
tion and testing of concrete aggregates for larg 
structures. Min. Eng., v. 187, no. 3, p. 395-40) 
(Tech. Publ. 2837H), 1950 

36. Rhoades, Roger, and Mielenz, R. C. Petrog| 
raphy of concrete aggregates. ACI Jour., v. 1 
(Proc., v. 42), p. 581-600, 1946 

37. Rhoades, Roger. Influence of sedimentatio: 
on concrete aggregates. Applied Sedimentation 
p. 437-463, N. Y., John Wiley & Sons, 1950 

38. Shergold, F. A. A review of available in 
formation on the significance of roadstone tests 
D.S.I.R., Road Res. Tech. Paper no. 10, 16 p. 
1948 

39. Spain, Ernest L., Jr., and Rose, Nicholas A! 
Geological study of gravel concrete aggregate oj 
the Tennessee River (with discussion). AIME 
Trans., v. 129, p. 115-133, (Tech. Publ. 840), 1938 

40. Stanton, Thomas E. Durability of concrete 
as affected by aggregates. National Sand & Gravel 
Assoc., Circ. 28, 23 p., 1947 

41. Sweet, Harold S., and Woods, K. B. A 
study of chert as a deleterious constituent in aggre- 
gates. Purdue Univ., Eng. Bull., v. 26, no. 5 (Res. 
Ser. no. 86), 111 p., 1942 

42. Sweet, Harold S. Research on concrete dura- 
bility as affected by coarse aggregate. ASTM 
Proc., v. 48, p. 988-1016, 1948 

43. Tomlinson, C. W. Method of making miner: 
alogical analyses of sand. AIME Bull., v. 101, 





947-956, 1915; Trans., v. 52, p. 852-861, 1916 

44. Turnbull, W. J., and Ray, O. B. Base cour 
and bituminous pavement requirements. ASCE 
Proc., v. 80, Sep. 424, 6 p., 1954 

45. Tyler, Owen R. Adhesion of bituminou: 
films to aggregates. Purdue Univ., Eng. Bull., v 
22, no. 5 (Res. Bull. no. 62), 35 p., 1938 

46. Weiner, Albert. Study of the influence o 
thermal properties on the durability of concrete 
ACI Jour., v. 18 (Proc., v. 43), p. 997-1008, 1947 

47. Woods, K. B. Correlation of coarse aggre 
gate with performance of portland cement com 
crete. National Sand & Gravel Assoc., Circ. 49, 
14 p., 1952 ; 

48. Woolf, D. O. Methods for the determination 
of soft pieces in aggregate. Pub. Roads, v. 26, no. /, 
p. 148-156, 1951; also, The Crushed Stone Journal, 
v. 26, no. 3, p. 18-26, 1951. 

49. Wuerpel, Charles E., and Rexford, E. P 
The soundness of chert as measured by bulk spe: 
cific gravity and absorption (with discussion). 
ASTM Proc., v. 40, p. 1021-1054, 1940 (1941) 


(Asteris 
Subj 


Comprel 
Deterior: 
Freezii 
Alkali: 
tion 
Other 
Air entre 
Admixtu 
Petrogra 


1, Al 
and Viv 
ments i 
ACI Jot 
(Based ¢ 
alkali-ag 
CS.LR. 
585-594 
tralia, | 
Jour. A 
1951; ibi 

2. Al 
agents, 
40), p. 5 

3, AS 
concrete 
2nd. ed. 

4. Bl 
tion of « 
tion. AS 

5. Bi 
erse tec 
concrete 
1950 

6. H 
nism by 
duces ¢ 
(Proc. v 

7.1L 
of ceme 
Green a 

8. Li 
Bibliog: 
Teactior 

% 
of air 
Rosiwa 

177, p. 

10. | 
the Tu: 
p. 218- 


liam A 
lesigne’ 
v. Of 


e selec 
r larg 
95-40) 


Petrog 
v. fi 


ntatior 
tation 
50 

ble in: 
> tests 
16 p. 





olas A! 
rate of 
AIME 
, 1938 
mcrete 
Gravel 


B. A 


aggre. 
(Res, 


dura 
(STM 


miner: 


01, p 
16 
sour 
ASCE 


inous 
ll., v. 


ice of 
crete. 
1947 
iggre: 
con- 


. 49, 


ation 


no. 7, 
inal, 


wi 

Spe-— 
ion). > 
1941) > 





CONCRETE 


CONCRETE 


(Asterisks indicate outstanding references) 


Subject References 
Comprehensive 3, 7°, 24°, 26" 
Deterioration 


2, 8*, 16*, 17, 18, 25 
1, 4*, 6*, 10, 12*, 13*, 


Freezing and thawing 
Alkali-aggregate reac- 


tion 21, 22*, 28, 30 
Other 8, 14*, 19*, 20, 23, 29* 
Air entrainment BS My byt 
Admixtures 2,.15*,. 20, 21, 22 
Petrographic methods 2. Ss, FS. 1%, 
42°, 17,27. 


1, Alderman, A. R., Gaskin, A. J., Jones, R. H., 
and Vivian, H. E. Australian aggregates and ce- 
ments in relation to cement-aggregate reaction. 
ACI Jour., v. 21 (Proc. v. 46), p. 613-616, 1950. 
(Based on a series of reports describing research on 
alkali-aggregate reaction, as follows: Australia, 
CSLR., Bull. 229, 1947; ibid., Jour., v. 20, p. 
585-594, 1947, and v. 21, p. 148-159, 1948; Aus- 
tralia, C.S.I.R.O., Bull. 256, 1950; Australian 
Jour. App. Sci., v. 2, p. 108-131, and 488-494, 
1951; ibid., v. 3, p. 228-232, 1952. Also see item 28.) 

2. ACI. Concretes containing air-entraining 
agents, a symposium. ACI Jour., v. 15 (Proc. v. 
40), p. 509-569, 1944 

3, ASTM. Report on significance of tests of 
concrete and concrete aggregates. ASTM, 171 p., 
dnd. ed., 1943 

4, Blanks, R. F., and Meissner, H. S. Deteriora- 
tion of concrete dams due to alkali-aggregate reac- 
tim. ASCE Trans., v. 111, p. 743-759, 1946 

5. Brown, L. S., and Pierson, C. U. Linear trav- 
erse techniques for measurement of air in hardened 
concrete. ACI Jour., v. 22 (Proc. v. 47), p. 117-123, 
1950 

6. Hansen, W. C. Studies relating to the mecha- 
nism by which the alkali-aggregate reaction pro- 
duces expansion in concrete. ACI Jour., v. 15 
(Proc. v. 40), p. 213-227, 1944 

7. Lea, F. M., and Desch, C. H. The chemistry 
of cement and concrete. 429 p., N. Y., Longmans, 
Green and Co., 1935 

8, Lerch, W., Lewis, D. W., and Valore, R. C. 
Bibliography on durability of concrete—physical 
reactions. HRB, Bibliography no. 8, 35 p., 1951 

9. Lord, G. W., and Willis, T. F. Calculation 
of air bubble size distribution from results of a 


» Rosiwal traverse of aerated concrete. ASTM Bull. 


177, p. 56-61, 1951 

10. Mather, Bryant. Cracking of concrete in 
the Tuscaloosa Lock. HRB, Proc. 31st. Ann. Mtg., 
p. 218-233, 1952 


1001 


11. Mather, Katharine. Applications of light 
microscopy in concrete research (with discussion). 
Symposium on Light Microscopy, ASTM Spec. 
Tech. Pub. 143, p. 51-71, 1953 

12. McConnell, Duncan, Mielenz, Richard C., 
Holland, William Y., and Greene, Kenneth T. 
Petrology of concrete affected by cement aggregate 
reaction. Application of Geology to Engineering 
Practice, p. 225-250, GSA, Berkey Volume, 1950 

13. Mielenz, R. C., and Witte, L. P. Tests used 
by the Bureau of Reclamation for identifying reac- 
tive concrete aggregates. ASTM Proc., v. 48, p. 
1071-1103, 1948 

14. Miller, Dalton G., and Manson, Philip W. 
Long-time tests of concretes and mortars exposed 
to sulfate waters. Univ. Minnesota, Agric. Exp. 
Sta., Tech. Bull. 194, 111 p., 1951 

15. Moran, W. T., Jackson, F. H., Foster, Bruce 
E., and Powers, T. C. Admixtures in concrete. 
ACI Jour., v. 22 (Proc. v. 47), p. 25-52, 1950 

16. Powers, T. C. A working hypothesis for 
studies of frost resistance of concrete. ACI Jour., 
v. 16 (Proc. v. 41), p. 245-272, 1945 

17. Powers, T. C. The air requirement of frost- 
resistant concrete (with discussion). Portland Ce- 
ment Assoc., Research Labs., Bull. 33, 28 p., 1949 
(preprint of HRB, Proc. 29th. Ann Mtg. 1949, p. 
184-211, 1950) 

18. Powers, T. C., and Brownyard, T. L. 
Studies of the physical properties of hardened port- 
land cement paste, parts 1 through 9. ACI Jour., 
v. 18 (Proc. v. 43), p. 101-132, 249-336, 469-504, 
549-602, 669-712, 845-880, 933-992, 1946-1947 

19. Scholer, C. H., and Gibson, W. E. Effect of 
various coarse aggregates upon the cement-aggre- 
gate reaction. ACI Jour., v. 19 (Proc., v. 44), p. 
1009-1032, 1948 

20. Scholer, C. H., and Smith, G. M. Use of 
Chicago fly ash in reducing cement-aggregate reac- 
tion. ACI Jour., v. 23 (Proc., v. 48), p. 457-464, 
1952 

21. Stanton, Thomas E. Expansion of concrete 
through reaction between cement and aggregate 
(with discussion). ASCE Trans., v. 107, p. 53-126, 
1942 

22. Stanton, T. E., Porter, O. J., Meder, L. C., 
and Nicol, Allen. California experience with ex- 
pansion of concrete through reaction between ce- 
ment and aggregate. ACI Jour., v. 13 (Proc. v. 38), 
p. 209-236, 1942 

23. Terzaghi, R. D. Concrete deterioration in a 
shipway. ACI Jour., v. 19 (Proc. v. 44), p. 977- 
1005, 1948 

24. USBR. Concrete manual. 489 p., USBR, 
Denver, 5th ed., 1951 

25. USCE. Investigation of durability of con- 
crete exposed to natural weathering, summary of 








1002 


results 1936-1953. WES Tech. Memo. 6-226, 
Rpt. no. 5, 39 p., 1954 

26. USCE. Handbook for concrete and cement. 
WES, 1949; supplements and revisions quarterly. 
(Test procedures) 

27. Verbeck, G. J. The camera lucida method for 
measuring air voids in hardened concrete. ACI 
Jour., v. 18 (Proc. v. 43), p. 1025-1039, 1947 

28. Vivian, H. E. Some Australian studies on 
cement-aggregate reaction in mortar. ACI Jour., 
v. 21 (Proc. v. 46), p. 617-621, 1950. (also see Item 1) 

29. Walker, S., Bloem, D. L., and Mullen, W. G. 
Effects of temperature changes on concrete as in- 
fluenced by aggregates. ACI Jour., v. 23 (Proc. v. 
48), p. 661-679, 1952 

30. Woolf, Donald O. Reaction of aggregate 
with low-alkali cement. Pub. Roads, v. 27, p. 50- 
56, 49, 1952 


CEMENT AND P0OZZOLAN 


(Asterisks indicate outstanding references) 


Subject References 
Cement: 
Comprehensive 2. 2", a" 
Compound Composi- 2, 7*, 10*, 14, 15, 21, 
tion 28, 32 
Slag Cement 18*, 16 
Hydration G S*, &, 23°, 13, 17, 21, 


22, 25*, 27, 28 
6*, 7, 8*, 9, 10, 11*, 13, 
14, 15, 17*, 28*, 31, 32 


Petrographic Methods 


Pozzolan: 
Comprehensive 2 
Composition a*, 23 
Occurrence L2 


Properties and Use 2. &, i, oS 
Petrographic Methods 1*, 23 


1. ASTM. Symposium on use of pozzolanic 
materials in mortars and concretes. ASTM Spec. 
Tech. Publ. 99, 208 p., 1950 

2. Bates, P. H., and Klein, A. A. Properties of 
the calcium silicates and calcium aluminate occur- 
ring in normal portland cement. Nat. Bur. Stand- 
ards, Technologic Paper 78, 38 p., 1917 

3. Blanks, Robert F. The use of portland- 
pozzolan cement by the Bureau of Reclamation. 
ACI Jour., v. 21 (Proc. v. 46), p. 89-108, 1949 

4. Blanks, Robert F. Fly ash as a pozzolan. 
ACI Jour., v. 21 (Proc. v. 46), p. 701-707, 1950 

5. Bogue, Robert Herman. The chemistry of 
portland cement. 572 p., N. Y., Reinhold Publ. 
Corp., 1947 

6. Brandenberger, E. Die Anwendung réntgeno- 


ENGINEERING GEOLOGY REFERENCE LIST 


metrischer Methoden in der Zementforschyp, 
Schweizer Archiv fur angewandte Wissenschaft y, 
Technik, v. 3, p. 239-244, 1937. (Buchdrucker 
Vogt-Schild A-G, Soluthurn, Switzerland) 

7. Brown, L. S. Long-time study of ceme 
performance in concrete, Chapter 4, Microscopic 
study of clinkers. ACI Jour., v. 19 (Proc. vy. 44 
p. 877-923, 1948 (reprinted, Portland Cemer! 
Assoc., Research Labs. Bull. 26, p. 877-923, 194 

8. Brown, L. S., and Carlson, R. W. Petr 
graphic studies of hydrated cement. ASTM Pro 
v. 36, p. 332-350, 1936 

9. Brownmiller, L. T. The microscopic stry 
ture of hydrated portland cement. ACI Jour, ; 
14 (Proc. v. 39), p. 193-210, 1943 

10. Colony, R. J. Petrographic study of por 
land cement. Columbia Univ., School of Mine 
Quarterly, v. 36, no. 1, p. 1-21, 1914 

11. Colony, R. J. The products of hydratioj 
and hydrolysis of portland cement. Columbia Uni 
versity, Civ. Eng. Dept., Civ. Eng. Testing Labs 
Bull. no. 4, pt. 1, p. 11-52, 1931 

12. Davis, Raymond E. Use of pozzolans ir 
concrete. ACI Jour., v. 21 (Proc. v. 46), p. 377-384 
1950 

13. Eitel, W. Neuere Ergebnisse der Erforschunj 
der Zemente. Angew. Chem., v. 54, p. 185-192 
1941 

14. Insley, H. Structural characteristics of somé 
constituents of portland cement clinker. Nat. Bur 
Standards, Jour. Res., v. 17, p. 353-361, 1936 

15. Insley, H., and McMurdie, H. F. Mino; 
constituents of portland cement clinker. Nat 
Bur. Standards, Jour. Res., v. 20, p. 173-184, 193 

16. Jackson, F. H., and Allen, Harold. Concretj 
pavements on the German autobahnen. ACI Jour 
v. 19 (Proc. v. 44), p. 933-976, 1948 

17. Kalousek, George L., Davis, Curtis W., Jr 
and Schmertz, William E. An investigation © 








hydrating cements and related hydrous solids b 
differential thermal analysis. ACI Jour., v. 2 
(Proc. v. 45), p. 693-712, 1949 

18. Langavant, Cleret de. Emploi des ciment4 
speciaux pour barrages en France. Cong. on Largt 
Dams, Third, Trans., v. 3, Question no. 11, Rpt 
26, 11 p., 1948 

19. Lea, F. M. The chemistry of pozzuolana 
Symposium on the chemistry of cements, Proc 
p. 460-490, Stockholm, Sweden, 1938 

20. Lea, F. M., and Desch, C. H. The chemistry 
of cement and concrete. 429 p., N. Y., Longmans 
Green and Co., 1935 

21. Le Chatelier, H. Recherches expérimentales 
sur la constitution des ciments et la théorie & 
leur prise. Institut de France, Academie des Sci 
ences, Comptes Rendus, v. 94, p. 867-869, 1882 


See alse 
tion of | 
128 p., 
22.1 
R. H. | 
Standal 
23. 
N.C. 
v. 46, f 
24. 
E., an 
ACI Ji 
25. 
Studies 
portlan 
Jour., 


469-50 


1946-4 
26. 
Chicag 
tion. / 

1952 
27. 
proper 
Chemi 
der, v. 
Co., 1' 
28. 
D. L. 
electro 
35, p. 
29. 
Denve 
30. 
WES. 
(Test 
31. 
measu 
Jour., 
32. 
coolin 
land | 
Res. 


’ 





forschury s 
chaft ur’ . tion of hydraulic mortars, translated by J. L. Mack, 
drucker: 4 


nd) 
f cemer 
roscopicd 
Cc. v. 44 
Cemer 
923, 194 
V. Petr 
M Prox 


ic stru 
Jour., | 


of por: 
f Mine 





| 
ydratiog 
bia Unj 
ng Labs 


olans it 
377-384 


rschung 
85-19) 


of som 
ut. Bur) 
36 
Mino 
. Nat 
4, 193) 
oncret 
[ Jour 


V., Jr. 
jon @ 
ids by 
v. O 


= 
Large 
» Rpt 





olana 
Proc. 


nistry 
mans 


ntales 
ie de 
s Sci- 
1882 


CEMENT AND POZZOLANS 


See also: Experimental researches on the constitu- 


' 12% p. N. Y., McGraw-Hill, 1905 


2. Lerch, William, Ashton, F. W., and Bogue, 
R. H. The sulfoaluminates of calcium. Nat. Bur. 


' Standards, Jour. Res., v. 2, p. 715-731, 1929 


23. Mielenz, R. C., Greene, K. T., and Schieltz, 
N.C. Natural pozzolans for concrete. Econ. Geol., 
v.46, p. 311-328, 1951 

24. Moran, W. T., Jackson, F. H., Foster, Bruce 
E., and Powers, T. C. Admixtures in concrete. 
ACI Jour., v. 22 (Proc. v. 47), p. 25-52, 1950 

25. Powers, T. C., and Brownyard, T. L. 
Studies of the physical properties of hardened 
portland cement paste, parts 1 through 9. ACI 
Jour, v. 18 (Proc. v. 43), p. 101-132, 249-336, 
469-504, 549-602, 669-712, 845-880, 933-992, 
1946-47 

26. Scholer, C. H., and Smith, G. M. Use of 
Chicago fly ash in reducing cement-aggregate reac- 
tion. ACI Jour., v. 23 (Proc. v. 48), p. 457-464, 
1952 

27. Searle, Alfred B. The colloidal nature and 
properties of cements and mortars. Jn Colloid 
Chemistry, collected and edited by Jerome Alexan- 
der, v. III, p. 357-412, N. Y., Chemical Catalog 
Co., 1931 

28. Sliepcevich, C. M., Gildart, L., and Katz, 
D. L. Crystals from portland cement hydration— 
electron microscope study. Ind. Eng. Chem., v. 
35, p. 1178-1187, 1943 

29. USBR. Concrete manual. 489 p., USBR, 
Denver, Colo. 5th ed., 1951 

30. USCE. Handbook for concrete and cement. 
WES., 1949; supplements and revisions quarterly. 
(Test procedures) 

31. Verbeck, G. J. The camera lucida method for 
measuring air voids in hardened concrete. ACI 
Jour., v. 18 (Proc. v. 43), p. 1025-1039, 1947 

32. Ward, G. W. Effect of heat-treatment and 
cooling rate on the microscopic structure of port- 
land cement clinker. Nat. Bur. Standards, Jour. 
Res., v. 26, p. 49-64, 1941 


CLAYS AND CERAMICS 


1. API. Reference clay minerals. Preliminary 
Reports, Research Project 49, API, Columbia Univ., 
N. Y., 1951. (available from API, 50 W. 50th St., 
N.Y.) 

Includes: 
No. 1. Glossary of clay mineral names, 66 p. 
No. 2. Reference clay localities—United States, 

105 p. 

No. 3. Differential-thermal analyses of reference 

clay mineral specimens, 48 p. 


1003 


No. 4. Reference clay localities—Europe, 101 p. 
No. 5. Occurrence and microscopic examination of 
reference clay mineral specimens, 59 p. 
No. 6. Electron micrographs of reference clay 
minerals, 17 p. 
No. 7. Analytical data on reference clay minerals, 
161 p.: 
Section I. 
a. X-ray diffraction measurements, p. 1-37; 
b. Chemical analyses, p. 35-58; 
c. pH data, p. 59-61; 
d. Differential thermal analyses (European 
clays), p. 62-66; 
e. Optical properties (European clays), p. 
67-69 
Section 2. Semi-quantitative 
analyses, p. 71-90; 
Section 3. Base exchange data, p. 91-124; 
Section 4. Magnetic susceptibility, p. 125-128; 
Section 5. Particle size data, p. 129-133; 
Section 6. Staining tests, p. 135-160. 
No. 8. Infrared spectra of clay and related minerals, 
146 p., 1950: 
Section I. Infrared investigations of clay min- 
erals, p. 1-72; 
Section II. The preparation of clay samples for 
infrared absorption measurements, p. 73-104; 
Section III. Infrared spectra of clay minerals, 
p. 105-121; 
Section IV. Method of preparation of clay sam- 
ples for measurement of infrared absorption, 
p- 123-139; 
Section V. Summary, p. 141-146 
2. Bray, Roger H., Grim, Ralph E., and Kerr, 
Paul F. Application of clay mineral technique to 
Illinois clay and shale. GSA Bull., v. 46, p. 1909- 
1921, 1935 
3. Faust, George T. Staining of clay minerals 
as a rapid means of identification in natural and 
beneficiated products. U. S. Bur. Mines, Rpt. Inv. 
3522, 21 p., 1940 
4. Frye, John C., Plummer, Norman, Runnels, 
Russell T., and Hladik, William. Ceramic utiliza- 
tion of northern Kansas Pleistocene loesses and 
fossil soils. Kans. G. S., Bull. 82, pt. 3, 124 p., 1949 
5. Grim, Ralph E., and Bray, Roger H. The 
mineral constitution of various ceramic clays. 
ACS Jour., v. 19, p. 307-315, 1936 
6. Grim, Ralph E. Petrographic and ceramic 
properties of Pennsylvanian shales of Illinois. 
ACS Jour., v. 24, p. 23-28, 1941 (also, Ill. G. S., 
Rpt. Inv. 72, 15 p., 1941) 
7. Grim, Ralph E. Modern concepts of clay 
materials. Jour. Geol., v. 50, p. 225-275, 1942 
8. Grim, Ralph E., and Rowland, Richards A. 
Differential thermal analysis of clay minerals and 


spectrographic 








1004 


other hydrous materials. Am. Mineralogist, v. 27, 
p. 746-761, 801-818, 1942 (reprinted, Ill. G.S., 
Rpt. Inv. 85, 34 p., 1942) 

9. Grim, R. E., and Cuthbert, F. L. Some clay- 
water properties of certain clay minerals. ACS 
Jour., v. 28, p. 90-95, 1945 

10. Grim, Ralph E., and Cuthbert, F. Leicester. 
The bonding action of clays. Part I—Clays in green 
molding sands; Ill. G.S., Rpt. Inv. 102, 55 p. (also, 
Univ. Ill., Eng. Exp. Sta., Bull. 357), 1945. Part II— 
Clays in dry molding sands; Ill. G.S., Rpt. Inv. 
110, 36 p. (also, Univ. Ill., Eng. Exp. Sta., Bull. 
362), 1946 

11. Grim, Ralph E. Application of studies of 
the composition of clays in the field of ceramics. 
Applied Sedimentation, p. 464-474, N. Y., John 
Wiley & Sons, 1950 

12. Grim, R. E., and Johns, W. D. The reactions 
accompanying the firing of brick. ACS Jour., v. 34, 
p. 71-76, 1951 

13. Grim, Ralph E. Clay mineralogy. 384 p., 
N. Y., McGraw-Hill, 1953 

14. Harman, C. G., and Fraulini, Felix. Proper- 
ties of kaolinite as a function of its particle size. 
ACS Jour., v. 23, p. 252-259, 1940 

15. Hauser, Ernst A. Silicic chemistry in high- 
way research. HRB Proc. v. 27, p. 431-435, 1948 

16. Hendricks, Sterling B. Lattice structure of 
clay minerals and some properties of clays. Jour. 
Geol., v. 50, p. 276-290, 1942 

17. Henry, E. C., and Siefert, A. C. Plastic and 
drying properties of certain clays as influenced by 
electrolyte content. ACS Jour., v. 24, p. 281-285, 
1941 

18. Hyslop, J. F., and McMurdo, A. Thermal 
expansion of some clay minerals. Brit. Cer. Soc. 
Trans., v. 37, p. 180-182, 1938 

19. Johnson, A. L., and Davidson, D. T. Clay 
technology and its application to soil stabilization. 
HRB Proc., v. 27, p. 418-430, 1948 

20. Kerr, Paul F. A decade of research on the 
nature of clay. ACS Jour., v. 21, p. 267-286, 1938 

21. Klinefelter, T. A., O’Meara, R. G., Trues- 
dell, G. C., and Gottlieb, Sidney. Hard and soft 
kaolins of Georgia. U. S. Bur. Mines, Rpt. Inv. 
3682, 20 p., 1943 

22. Macey, H. H. Plasticity V. Brit. Cer. Soc. 
Trans., v. 47, p. 291-326, 1948 

23. Mielenz, Richard C., and King, Myrle E. 
Identification of clay minerals by staining tests. 
ASTM Proc., v. 51, p. 1213-1233, 1951 

24. Norton, F. H. Fundamental study of clay: 
VIII, a new theory for the plasticity of clay-water 
masses (with discussion). ACI Jour., v. 31, p. 236- 
241, 1948 

25. Plummer, Norman, and Hladik, William B. 
The manufacture of ceramic railroad ballast and 





ENGINEERING GEOLOGY REFERENCE LIST 


constructional aggregates from Kansas clays gy 10. ‘ 
silts. Kans. G.S., Bull. 76, pt. 4, p. 53-112, 194g | ACI Jo 
26. Ries, H., Bayley, W. S., and others, Hig) 11. | 
grade clays of the eastern United States, with nots _ ties of 
on some western clays. USGS Bull. 708, 314 p., 19) 370, 9 
27. Ries, Heinrich. Clays, their occurrenl 12. 1 
properties and uses, with special reference to tho | tests © 
of the United States and Canada. 613 p., N, yj States. 
John Wiley & Sons, 3rd. ed., 1927 54p., 1! 
28. Ross, Clarence S., and Kerr, Paul F, Th} 13. ! 
kaolin minerals. USGS Prof. Paper 165, p. 151-17} propert 
1931 used fo1 
29. Ross, Clarence S., and Hendricks, Sterlin} Nat. B 
B. Minerals of the montmorillonite group, the} 1927 
origin and relation to soils and clays. USGS Pro 14. | 
Paper 205-B, p. 23-79, 1945 (1946) relation 
30. Sullivan, John D. Physico-chemical contr} gtding 
of properties of clays (with discussion). Electr) 15. ! 
chemical Soc. Trans., v. 75, p. 71-98, 1939 (23 sineerin 
W. 102nd St., N. Y. 25) Eng. M 
31. White, W. Arthur. Atterberg plastic limit 16. | 
of clay minerals. Am. Mineralogist, v. 34, p. 508 of New 
512, 1949 282, 18 
32. Williamson, W. O. The physical relation 17. | 
ships between clay and water. Brit. Cer. Soc. Trans) Mil. Er 
v. 50, p. 10-34, 1951 18. | 
33. Wilson, Hewitt. Ceramic technology. 296 p| 5: The 
N. Y., McGraw-Hill, 1929 constru 
34. Winterkorn, Hans F. Applications of moder = 





clay researches in construction engineering. Jou 19. | 
Geol., v. 50, p. 291-306, 1942 V8.4 
riprap | 

ConsTRUCTION MATERIALS—MIscELLANEON * “4 
1. Abraham, Herbert. Asphalts and allied subj thetic | 
stances. 2142 p., 2 v., N. Y., D. Van Nostrang lip. 1 
Co., 5th ed., 1945 ee 
2. ASTM, Committee D-19 on Industrial Wate} ongin, 
Manual on industrial water. ASTM Spec. Tect} 47-558, 
Publ. 148, 336 p., 1953 ae 





3. Bemont, Richard L. Coral for construction} of roac 


Mil. Eng., v. 43, p. 126-131, 1951 U.S. E 
4. Bowles, Oliver. The stone industries. 519 pj 
N. Y., McGraw-Hill, 2nd ed., 1939 
5. Bowles, Oliver, and Jensen, Nan C. Lime 
stone as a building material. U. S. Bur. Mines, Ini 1. A 
Circ. 7416, 16 p., 1947 TESeIVO 
6. Dale, T. Nelson, and others. Slate in th 2 B 
United States. USGS Bull. 586, 220 p., 1914 Norris. 
7. Dale, T. Nelson. The commercial granitesd) 3. B 
New England. USGS Bull. 738, 488 p., 1923 |} “rand 


8. Dempsey, John G. Coral and salt water a ¥:5,p. 
concrete materials. ACI Jour., v. 23 (Proc. v. 4 _ 4, E 
p. 157-166, 1951 : sites, w 

9. Goldbeck, A. T. Mineral aggregates for rail} Oregon 
road ballast. ASTM Spec. Tech. Publ. 83, p. ng 3. E 
204, 1948 a Berlen 


k 





slays ar 
2, 1948 | 


Ts. High 
‘ith note” 
4 p., 192 


curreng 
to thoy 


| F. Th 
151-17 


Sterlin 
ip, the: 
GS Pro 


| contre 
Electre 
139 (23 


ic limit 





ANEOT} 


ed subj 
ostrani 


Water 
. Tech} 





"uction! © 
I 
519 pj 


Lime 
es, Ini 
in the 
14 


ites 8 


iter as 
v. 48). 


yr rail 
. 197- 





CONSTRUCTION MATERIALS—MISCELLANEOUS 


10. Goldbeck, A. T. Crushed stone production. 
ACI Jour., v. 25 (Proc. v. 50), p. 761-772, 1954 

{1. Humphrey, Richard L. Fire resistive proper- 
tis of various building materials. USGS Bull. 
370, 9 p., 1909 

12. Kessler, Daniel W. Physical and chemical 
tests of the commercial marbles of the United 
States. Nat. Bur. Standards, Technol. Paper 123, 
54p., 1919 

13. Kessler, D. W., and Sligh, W. H. Physical 
properties of the principal commercial limestones 
used for building construction in the United States. 
Nat. Bur. Standards, Technol. Paper 349, 94 p., 


» 1927 


14. Loughlin, G. F. Indiana oolitic limestone, 
relation of its natural features to its commercial 
grading. USGS Bull. 811-C, p. 113-202, 1929 

15. Mielenz, Richard C. Petrography and en- 
gineering properties of igneous rocks. USBR 
Eng. Mon. 1, 19 p., 1948 

16. Nevin, C. M. The sand and gravel resources 
of New York State. N. Y. State Museum, Bull. 
282, 180 p., 1929. (Albany, N. Y.) 

17. Perry, John R. Coral: our Pacific lifesaver. 
Mil. Eng., v. 37, p. 168-175, 1945 

18. Plummer, Norman, and Hladik, William 


| B. The manufacture of ceramic railroad ballast and 


constructional aggregates from Kansas clays and 
silts. Kans. G. S., Bull. 76, pt. 4, p. 53-112, 1948 

19. Powers, K. L., Benson, J. R., and Meissner, 
V.S. Asphaltic concrete and soil cement tested as 
riprap substitutes at Bonny Reservoir. Civ. Eng., 
v. 22, p. 396-398, (no. 6, p. 34-36), 1952 

2. Ralston, Oliver C. Perlite, source of syn- 
thetic pumice. U. S. Bur. Mines, Inf. Circ. 7364, 
Ilp., 1946 

21. Wilder, Frank A. Gypsum—its occurrence, 
origin, technology and uses. Iowa G. S., vol. 28, p. 
41-558, 1923 

22. Woolf, Donald O. Results of physical tests 
of road-building aggregate to January 1, 1951. 
U.S. Bur. Pub. Roads, 225 p., 1953 


DAMS AND RESERVOIRS 


1, AIME. Geology and engineering for dams and 
reservoirs. AIME Tech. Publ. 215, 112 p., 1929 
2. Berkey, Charles P. Geology of Boulder and 


) Norris dam sites. Civ. Eng., v. 5, p. 24-28, 1935 


3, Berkey, Charles P. Foundation conditions of 


) Gand Coulee and Bonneville projects. Civ. Eng., 


¥.5,p. 67-71, 1935 

4. Bryan, Kirk. Geology of reservoir and dam 
sites, with a report on the Owyhee irrigation project, 
Oregon. USGS W-S Paper 597, p. 1-72, 1929 

5. Burwell, Edward B. Jr., and Moneymaker, 
Berlen C. Geology in dam construction. Application 


1005 


of Geology to Engineering Practice, p. 11-43, GSA, 
Berkey Volume, 1950 

6. Creager, William P., Justin, Joel D., and 
Hinds, Julian. Engineering for dams. 3 v., N. Y., 
John Wiley & Sons, 1945 

7. Crosby, Irving B. Engineering geology prob- 
lems at Conchas Dam, N. Mex. (with discussion). 
ASCE Trans., v. 105, p. 581-605, 1940 

8. Crosby, Irving B. Geology of Fifteen Mile 
Falls development; design of dam on Connecticut 
River required extensive study of the glaciated 
valley. Civ. Eng., v. 4, no. 1, p. 21-24, 1934 

9. ENR. The St. Francis Dam disaster. ENR, 
v. 100, p. 465, 1928; subsequent articles on same 
subject, v. 100, p. 466-472, 675, 733, 835, 879, 880; 
v. 101, p. 144, 1928; v. 102, p. 494, 814, 1929; v. 
105, p. 346, 1930 

10. ENR. Uncompleted Lafayette rolled-fill 
earth dam damaged by movement. ENR, v. 101, 
p. 483, 1928; subsequent articles on same subject, 
v. 101, p. 634, 1928; v. 102, p. 116, 167, 190, 727, 
1929 

11. ENR. Corpus Christi Dam fails with loss of 
north abutment wall (La Fruta Dam). ENR, v. 
105, p. 861, 1930; subsequent articles on same sub- 
ject, v. 105, p. 897, 952, 974-978, 1930; v. 106, p. 
40, 163, 286-287, 407, 535, 1931; v. 107, p. 90-92, 
150, 1931 

12. Erdman, C. E. Geology of dam sites on the 
upper tributaries of the Columbia River in Idaho 
and Montana. USGS W-S Paper 866 (issued only 
in separate parts); part 1, p. 1-36, 1941; part 2, 
p. 37-116, 1944; part 3, p. 117-219, 1947 

13. Esmoil, E. E. Seismic stability of earth 
dams, USBR Tech. Memo. 641, 1951 

14. Fluhr, Thomas W. Geology of New York 
City’s water supply system, a progress report. 
Mun. Eng. Jour., v. 39, 4th Quart. Issue, p. 125- 
145, 1953 

15. Frink, John W. The foundation of Hales 
Bar dam. Econ. Geol., v. 41, p. 576-597, 1946 

16. Goguel, Jean. Géologie et fondations de 
barrages. Annales des Ponts et Chaussées, 12le 
année, p. 385-419, 1951 (Ministere des travaux 
publics et des transports, Paris) 

17. Harza, L. F. The significance of pore pres- 
sure in hydraulic structures (with discussion). 
ASCE Trans., v. 114, p. 193-289, 1949 

18. Hays, James B., and Schmidt, L. A., Jr. 
Unusual cutoff problems—dams of the Tennessee 
Valley Authority: a symposium (with discussion). 
ASCE Trans., v. 110, p. 947-1018, 1945 (1946) 

19. International Commission on Large Dams. 
Transactions, second congress on large dams. 5 v., 
GPO, Washington, D. C., 1938. Idem, third, 3 v., 
Stockholm, 1948. Idem, fourth, New Delhi, India, 








1006 


1951, U. S. Committee on Large Dams, P. O. 
Box A-A, Boulder City, Nevada 

20. Irwin, William H. Geology of the rock 
foundation of Grand Coulee Dam, Washington. 
GSA Bull., v. 49, p. 1627-1650, 1938 

21. Keener, Kenneth B. Uplift pressures in 
concrete dams (with discussion). ASCE Trans., v. 
116, p. 1218-1264, 1951 

22. Legget, Robert F. Geology and engineering. 
650 p., N. Y., McGraw-Hill, 1939. (see p. 304-368) 

23. Legget, Robert F. An engineering study of 
glacial drift for an earth dam, near Fergus, On- 
tario. Econ. Geol., v. 37, p. 531-556, 1942 

24. Leighton, Morris M. Geology and the Deca- 
tur dam and reservoir project. ENR, v. 91, p. 264— 
266, 1923 

25. Lewis, James S., Jr., et al. Foundation 
experiences, Tennessee Valley Authority: a sym- 
posium (with discussion). ASCE Trans., v. 106, 
p. 685-848, 1941 

26. Longwell, Chester R. Lessons from the St. 
Francis dam. Science, new ser., v. 68, p. 36-37, 1928 

27. Louderback, George D. Characteristics of 
active faults in the central Coast Ranges of Cali- 
fornia, with application to the safety of dams. 
Seismol. Soc. Am. Bull., v. 27, p. 1-27, 1937 

28. Lynn, A. V., and Rhoades, Roger F. Founda- 
tion exploration at Kentucky Dam. ENR, v. 125, 
p. 480-483, 1940 

29. Mackin, Joseph H. A geologic interpretation 
of the failure of the Cedar Reservoir, Wash. Univ. 
Washington, Eng. Exp. Sta. series, Bull. 107, 30 p., 
1941 

30. Mead, Warren J. Geology of dam sites in 
hard rock. Civ. Eng., v. 7, p. 331-334, 1937 

31. Mead, Warren J. Geology of dam sites in 
shale and earth. Civ. Eng., v. 7, p. 392-395, 1937 

32. Middlebrooks, T. A. Fort Peck slide (with 
discussion). ASCE Trans., v. 107, p. 723-764, 1942 

33. Middlebrooks, T. A., and Jervis, William 
H. Relief wells for dams and levees (with discus- 
sion). ASCE Trans., v. 112, p. 1321-1402, 1947 

34. Middlebrooks, Thomas A. Earth dams. Ap- 
plied Sedimentation, p. 181-192, N. Y., John Wiley 
& Sons, 1950 

35. Middlebrooks, T. A. Earth-dam practice in 
the United States. ASCE Trans., v. CT, p. 697-722, 
1953 

36. National Resources Committee, Subcom- 
mittee on Small Water Storage Projects. Low dams. 
431 p., GPO, 1939 

37. Nickell, F. A. Development and use of en- 
gineering geology. AAPG Bull., v. 26, p. 1797-1826, 
1942 

38. Niederhoff, August E. Field tests of a shale 
foundation (with discussion). ASCE Trans., v. 
105, p. 1519-1546, 1940 





ENGINEERING GEOLOGY REFERENCE LIST 


39. Pauls, Arthur L., and Taylor, T. F. Cleanin post 
and grouting of limestone foundations, Tennessd 11932 
Valley Authority: a symposium (with discussion!) 2. 
ASCE Trans., v. 113, p. 79-138, 1948 

40. Philbrick, Shailer S. Foundation problems 1Co,, 
sedimentary rocks. Applied Sedimentation, p. 147 3. 
168, N. Y., John Wiley & Sons, 1950 

41. Ransome, Frederick L. Geology of the § 
Francis dam site. Econ. Geol., v. 23, p. 553-56) 4. 
1928 

42. Ransome, Frederick L. High dams: the vier} Pub 
point of the geologist. ASCE Trans., v. 95, p. 14) 5. 
158, 1931 

43. Reeves, Frank, and Ross, Clyde P. A geolog! 


Canal Zone. USGS Bull. 821, p. 11-49, 1931 

44. Riegel, Ross M., chairman, and Subcomni 
tee on Uplift in Masonry Dams, of the Committd 
on Masonry Dams of the Power Division, ASCH, 7 
1951. Uplift in masonry dams. ASCE Trans., | 
117, p. 1218-1252, 1952 8 

45. Simonds, A. W., Lippold, Fred H., and Kein} 
R. E. Treatment of foundations of large dams b 
grouting methods (with discussion). ASCE Trans} 9 
v. 116, p. 548-574, 1951 | 

46. Simonds, A. Warren. Final foundation treat! 


tion 





on | 


Ant 


design. 3 


194 
Av 


water lo 
V. 71, se 


Ba 


structur' 


Ro 
Bu 


foundati 


62,p. 18 
study of the Madden Dam project, Alhajuei] 6. 


Ca 
of $ 


tions (¥ 


383-440 


. Cl 


N.Y, ! 


. Cl 


tion des 
Mun. E 


. Ce 


| Great | 
sion I, 


ment at Hoover Dam (with discussion). ASC) Coun. ( 





Trans., v. 118, p. 78-112, 1953 ) Tech. b 
47. TVA. Geology and foundation treatmen! 10. ¢ 
Tennessee Valley Authority projects. TVA Tec gineerin 
Rpt. 22, 548 p., GPO, Washington, D. C. 1949 |) Ex.St 
48. TVA. Measurements of the structural bf, 
havior of Norris and Hiwassee dams. TVA Ted ‘6 
Mono. 67, 462 p., Knoxville, Tenn., 1950 12.1 
49. USBR. Boulder Canyon project, final r pon 
ports, pt. 3, Bull. 1, geological investigations. 23§ .~~ 
p., GPO, Washington, D. C., 1950 " ’ 
50. USCE. Report on the slides of a portion « built te 
the upstream face of the Fort Peck dam. 31 p ery 
GPO, Washington, D. C., 1939 9, 19 
51. USCE. Slope protection for earth dam 14. 
preliminary report. WES, 42 p., 1949 ondies 
52. Weber, A. H. Correction of reservoir leakagj Majest 
at Great Falls dam. ASCE Trans., v. 116, p. 31-48) js | 
1951 Bridge 
53. Westergaard, H. M. Water pressures %) S pa 
dams during earthquakes (with discussion). ASCH) 4, 
Trans., v. 98, p. 418-472, 1933 bridge 
54. Zangar, C. N. Hydrodynamic pressures 0% Applie 


dams due to horizontal earthquake effects. USBR® Wiley 


Eng. Mon. 11, 15 p., 1952 


17. 


+ fuenc 


FouNDATIONS FOR BUILDINGS AND BRIDGES} 


of fou 


B Sion | 
1. Aldrich, Harl P., Jr. Importance of the ne) Coun, 
load to the settlement of buildings in Bostod§} Tech. 








. Cleaniy 
cussion 


oblems 


f the § 


553-56 


the vier 


), p. 146 


L geologi 
ha jueld 
31 

>commi! 
mmittd 
_ 


rans., 


id Kein 
dams b 
, Trans 


mn treat 
. ASCH 


atmeny 


A Tec 
_ 1949 


ural be 
A Ted 


leakaga 


31-44) 


FOUNDATIONS FOR BUILDINGS AND BRIDGES 1007 


A 


Bo csion Soc. Civ. Eng., Jour., v. 39, p. 166-190, 
Tennessq 1952 


| },Anderson, Paul. Substructure analysis and 
FB design. 305 p., Chicago, Irwin-Farnham Publishing 
1Co, 1948 

3, Avery, Stuart B., Jr. Analysis of ground- 
water lowering adjacent to open water. ASCE Proc., 
'y. 17, sep. 106, 16 p., 1951 

4, Barber, E. S. Observed settlements of highway 
‘structures due to consolidation of alluvial clay. 
"Pub, Roads, v. 26, p. 217-223, 1951 

5, Button, S. J. Soil testing and its application to 
foundation problems. Jun. Instn. Engrs., Jour., v. 
162,p. 181-202, 1952 

6. Casagrande, A., and Fadum, R. E. Applica- 
tion of soil mechanics in designing building founda- 
tions (with discussion). ASCE Trans., v. 109, p. 
383-440, 1945 

7. Chellis, Robert D. Pile foundations. 681 p., 
N.Y., McGraw-Hill, 1951 

8. Clark, F. A. J. A consideration of raft founda- 
‘tion design for small dwellings in filled areas. Instn. 
Mun. Eng., Jour., v. 78, p. 441-454, 1952 

9. Cooling, L. F. Some foundation problems in 

Great Britain. Building Res. Cong., Papers, Divi- 
sion I, p. 157-164, 1951. (Reprinted, Nat. Res. 
} Coun. Canada, Assoc. Comm. Soil and Snow Mech., 

Tech. Memo. 25, p. 157-164, 1952) 

10. Cummings, A. E. Lectures on foundation en- 
‘ gineering. Univ. Illinois Bull., v. 47, no. 35 (Eng. 
| Exp. Sta., Circ. Series no. 60), 142 p., 1949 

11. Dunham, Clarence W. Foundations of struc- 
tures. 679 p., N. Y., McGraw-Hill, 1950. 

12. Eustis, J. B., and Hanson, I. E. Foundation 
and settlement investigations; sulphur storage vats. 
ASCE, New Orleans Convention, Preprint 1952-23, 
7,p. 1952. 

13. Granacher, Charles W. Bridge substructures 
built to fit site conditions on Pennsylvania Turn- 
pike’s western extension. Civ. Eng., v. 21, p. 696- 
+ 9, 195i 
| 14. D.S.LR., Road Research Laboratory. Soil 
_ mechanics for road engineers. 541 p., London, Her 
| Majesty’s Stationery Office, 1952 
15. Greiner Co., J. E. The Chesapeake Bay 





res of 
ASCE 


) Bridge engineering report. J. E. Greiner Co., 1201 
/ St. Paul St., Baltimore 2, Md. 
16. Harned, C. H. Foundations for highway 


> bridges and separations on unconsolidated sediment. 


res O07 
USBR> 


> 


IDES | 
F 
he neil 
ston 


Applied Sedimentation, p. 169-180, N. Y., John 
Wiley & Sons, 1950. 
17. Harding, H. J. B., and Glossop, R. The in- 


~ {uence of modern soil studies on the construction 


foundations. Building Res. Cong., Papers, Divi- 
sion 1, p. 146-156, 1951 (reprinted: Nat. Res. 
Coun. Canada, Assoc. Comm. Soil and Snow Mech., 
Tech. Memo. 25, p. 146-156, 1952) 





18. Hool, George A., and Kinne, W. S. Founda- 
tions, abutments and footings. (2nd ed., revised by 
R. R. Zipprodt and E. J. Kilcawley), 417 p., N. Y., 
McGraw-Hill, 1943 

19. Huizenga, T. K. Application of results of 
deep penetration tests to foundation piles. Building 
Res. Cong., Papers, Division I, p. 173-179, 1951 
(reprinted, Nat. Res. Coun. Canada, Assoc. Comm. 
Soil and Snow Mech., Tech. Memo. 25, p. 173-179, 
1952) 

20. Jacoby, H. S., and Davis, R. P. Foundations 
of bridges and buildings. 535 p., N. Y., McGraw- 
Hill, 1941. 

21. Jelinek, Richard. Der Einfluss von Griin- 
dungstiefe und begrenzter Schichtmichtigkeit auf 
die Druckausbreitung im Baugrund. Bautechnik, v. 
28, p. 125-130, 1951 

22. Johnston, Robert C. Deep foundation for 
Pittsburgh skyscraper. ENR, v. 145, p. 402, 1950 

23. Judd, W. R., and Wolf, W. H. The Granby 
pumping plant: a symposium; foundations, and 
design. ASCE Proc., v. 79, sep. 269, 24 p., 1953; 
Trans., v. 119, p. 510-524, 1954 

24. Kattinger, F. Das problem der Pfahlbelas- 
tung. Zeitschrift des Oesterreichischen Ingenieur- 
und-Architekten-Vereines, v. 96, p. 37-41, 1951. 
(Springer-Verlag, Molkerbastei 5, Wien) 

25. Lee, Charles H. Building foundations in San 
Francisco. ASCE Proc., v. 79, sep. 325, 32 p., 1953. 

26. Legget, Robert F. Special foundation prob- 
lems in Canada. Building Res. Cong., Papers, 
Division I, p. 165-172, 1951 (reprinted: Nat. Res. 
Council, Canada, Assoc. Comm. Soi] and Snow 
Mech., Tech. Memo. 25, p. 165-172, 1952) 

27. Mason, Arnold C. Open-caisson method used 
to erect Tokyo office building. Civ. Eng., v. 22, p. 
944-947, 1952. 

28. McKinley, Donald B. Anchored foundation 
resists frost heave. Civ. Eng., v. 22, p. 140-141, 1952 

29. Megaw, T. M. Foundations at Poole power 
station. Géotechnique, v. 2, p. 280-292, 1951 

30. Meyerhof, G. G. Tilting of large tank on soft 
clay (with discussion). South Wales Inst. Eng., 
Proc., v. 67, p. 53-71, 1951 

31. Meyerhof, G. G. The ultimate bearing ca- 
pacity of foundations. Géotechnique, v. 2, p. 301- 
332, 1951 

32. Murphy, John J., and Fluhr, Thomas W. The 
subsoil and bedrock of the Borough of Manhattan 
as related to foundations (with discussion). Mun. 
Eng. Jour., v. 30, 4th Quart. Issue, p. 119-157, 1944 

33. Nath, Baleshwar. Depressing the subsoil 
water-table by about 65 ft. for laying the foundation 
raft of Saida-hydro electric power stations. Central] 
Board of Irrigation and Power, Jour., p. 69-79, 
January 1951. (Simla, India) 

34. Nees, L. A. Pile foundations for large towers 








1008 


on permafrost (with discussion). ASCE Trans., v. 
117, p. 935-947, 1952 

35. Peck, Ralph B. Foundation exploration— 
Denver coliseum. ASCE Proc., v. 79, sep. 326, 13 
p., 1953 

36. Philbrick, Shailer S. Foundation problems 
of sedimentary rocks. Applied Sedimentation, p. 
147-168, N. Y., John Wiley & Sons, 1950 

37. Prentis, Edmund Astley, and White, Lazarus. 
Underpinning, its practice and applications. 374 p., 
N. Y., Columbia Univ. Press, 2nd. ed., 1950 

38. Quade, Maurice N. Special design features of 
the Yorktown Bridge. ASCE Proc., v. 79, sep. 168, 
15 p., 1953; Trans., v. 119, p. 109-123, 1954 

39. Quade, Maurice N., and Lee, Richard S. M. 
The John E. Mathews Bridge, Jacksonville, Fla. 
ASCE Proc., v. 79, sep. 216, 25 p., 1953 

40. Shea, Paul H. Unusual foundation condi- 
tions encountered on the Central and Southern 
Florida project. ASCE Proc., v. 79, sep. 227, 12 
p., 1953 

41. Skempton, A. W. The bearing capacity of 
clays. Building Res. Cong., Papers, Division I, p. 
180-189, 1951 (reprinted: Nat. Res. Council, 
Canada, Assoc. Comm. Soil and Snow Mech., 
Tech. Memo. 25, p. 180-189, 1952) 

42. Smoot, Leonard V. Deep sand-island cais- 
sons support Cincinnati steam plant. Civ. Eng., v. 
22, p. 550-554, 1952. 

43. Teetor, S. D. How soils affect foundation 
design. Architectural Record, v. 111, p. 218-222, 
236, 1952 

44. Terzaghi, Karl. Building foundations in 
theory and practice. Building Res. Cong., Papers, 
Division I, p. 139-145, 1951 (reprinted: Nat. Res. 
Council, Canada, Assoc. Comm. Soil and Snow 
Mech., Tech. Memo. 25, p. 139-145, 1952) 

45. Terzaghi, Karl. Permafrost. Boston Soc. Civ. 
Eng., Jour., v. 39, p. 1-50, 1952 (also, Harvard 
Univ., Soil Mechanics Series, no. 37) 

46. Trask, Parker D., and Rolston, Jack W. 
Engineering geology of San Francisco Bay, Cali- 
fornia. GSA Bull., v. 62, p. 1079-1110, 1951 

47. Trask, Parker D., and Seed, H. B. Some ap- 
plications of geology in soil mechanics and founda- 
tion engineering. ASCE Proc., v. 80, sep. 477, 21 
p., 1954 

48. Tschebotarioff, Gregory P. Soil mechanics, 
foundations and earth structures. 655 p., N. Y., 
McGraw-Hill, 1951. 

49. Waterhouse, Robert W., and Sills, A. Nelson. 
Thaw-blast method prepares permafrost founda- 
tion for Alaska power plant. Civ. Eng., v. 22, p. 
126-129, 1952 

50. Willey, Marney B. Engineering character- 
istics of the Gulf Coast continental shelf. AIME, 





ENGINEERING GEOLOGY REFERENCE LIST 


Petroleum Technology, v. 11, Technol. Publ, 237 


11. Fl 

11 p., 1948 for tunn 
. SE 

TUNNELS AND CONDUITS P 18. Fi 

1. AIME. Rock bursts, a symposium. AIM Wavars 


Mining Technology, TP 1468, 1942; Trans., v, 1 P- 73 
Mining Practice 1945, p. 568-628, 1946. (9. F 
2. Andrae, Charles. Les grands souterraiy methane 
transalpins. 200 p., Zurich, S. A. Leeman Freres 4 Ne™® ¥ 
Cie., 1948. (Abstract, USGS Circ. 75, 1950) 20. H 
3. Bendel, L. Geologie und Hydrologie dg ping anc 
Axentunnels der SBB. Schweizerische Bauzeitun and vicl 
Bd. 119, no. 24, p. 279-282, 1942 | 
4. Berkey, Charles P. Geology of the New Yor Canadia 
City (Catskill) aqueduct. N. Y. State Mus., Bul 1% © 
146, 238 p., 1911 p. 23-2 
5. Berkey, Charles P., and Sanborn, J. F. Ey J 
gineering geology of the Catskill water supply (wit the Ek! 
discussion). ASCE Trans., v. 86, p. 1-91, 1923 |22P»1! 
6. Betts, Clifford Allen. Completion of Moffz 3.1 
Tunnel of Colorado (with discussion). ASCE Trans} Pe"phe 
v. 95, p. 334-378, 1931. Picksto' 
7. ENR. Passing faults on the Delaware aqu¢ 7610, 2 
duct. ENR, v. 127, p. 150-154, (no. 5, p. 40-44), #1 
1941 | Gondwi 
8. ENR. Open-cut tunnel. ENR, v. 151, no. 21} the de 
p. 67, 70, 72, 1953 | Colo. S 
9. Fahlquist, Frank E., and Berkey, Charles} >! 
Geology of region in which Quabbin Aqueduct ani Colorac 
Quabbin Reservoir are located. Ann. Rpt. Metro} P: 337 
politan District Water Supply Commission for th4 I. | 
year ending November 30, 1935, Appendix, 46 p Found: 
Pub. Doc. 147, Commonwealth of Massachusetts} siphon 
1936 v. 4, 
10. Fahlquist, Frank E. Geologic feature} 
Quabbin Aqueduct. ASCE Trans., v. 102, p. 7124 Puss 
736, 1937 10-13, 
11. Fluhr, Thomas W. Geologic features of recen’ B. 
engineering projects in New York City. Mun. Eng strecke 
Jour., v. 25, 1st Quart. Issue, p. 23-40, 1939 (Const 
12. Fluhr, Thomas W. Geology of the under-rive}) P* 
section of the Queens Midtown Tunnel. Rocks ant Schwe 
Minerals, v. 15, no. 9, p. 299-304, 1940 58, 1 
13. Fluhr, Thomas W. The geology of the Lincolt Bs, 
Tunnel. Rocks and Minerals, v. 16, p. 115-119) la pou 
155-160, 195-198, 235-239, 1941 fy Suisse 
14. Fluhr, Thomas W. Engineering geology 
the Delaware aqueduct (with abstracts of discus 
sion). Mun. Eng. Jour., v. 27, 3rd Quart. Issue, p 
91-126, 1941. . 
15. Fluhr, Thomas W. Geology of the Brooklyn- Tunne 
Battery Tunnel. Rocks and Minerals, v. 25, P. 45, p. 
250-254, 1950. i. 
16. Fluhr, Thomas W. The geology of the East] on. 
Delaware Tunnel. Delaware Water Supply News> 


v. 15, p. 797-804, 1953. { on 








4p.4 
pressu 
Transl 





‘ubl. 232; 


1. AIMY 
S., v. 16 


outerrain 


Freres ¢ 7 


30) 


logie da P 


uzeituny 


lew Yor 


us., ae 


. FG 
ply (wit 
1923 
E Mofisi 
E Trans! 


Te aque 
. 40-44) 


, ho. 2! 
aries P 


luct and 
Metro 


| for tha” 


TUNNELS AND CONDUITS 1009 


1], Fluhr, Thomas W. Subsurface explorations 
for tunnels. Delaware Water Supply News, v. 16, 
p. 84-816, 820, 1954. 

13, Freund, Max. Rondout Valley crossing at 

vawarsing. Delaware Water Supply News, v. 4, 

3-277, 1941 
1 Freund, Max. Tunnel driving through 
ymetlane-bearing rock. Delaware Water Supply 
News, v. 6, p. 501-503, 505-508, 1943 
0. Henderson, L. H. Detailed geological map- 
ping and fault studies of the San Jacinto tunnel line 
and vicinity. Jour. Geol., v. 47, p. 314-324, 1939 
| 21. Hodgson, Ernest A. The rockburst problem. 
(Canadian Min. and Met. Bull., no. 440, p. 664-666, 
11948; Canadian Inst. Min. and Met. Trans., v. 51, 
ip. 283-285, 1948 

22. Judd, William R. Foundation problems of 
‘the Eklutna project. ASCE Proc., v. 80, sep. 444, 
122 p., 1954. 

23. Lewis, Walter E. Tunnel construction by 
peripheral sawing at the Fort Randall reservoir, 
Pickstown, S. Dak. U. S. Bur. Mines, Inf. Circ. 
*7610, 21 p., 1951 

4. Livingston, Clifton W. (compiler), and 
Goodwin, LeRoy W. (editor). An introduction to 
‘the design of underground openings for defense. 
Colo. Sch. Mines Quart., v. 46, no. 1, 304 p., 1951 

25. Lovering, T. S. Geology of the Moffat Tunnel, 
‘Colorado (with discussion). AIME Trans., v. 76, 
‘p. 337-346, 1928. 

26. Mielenz, Richard C., and Okeson, Clifford J. 


, 46 p. Foundation displacements along the Malheur River 


husetts 


eatur 
p. 7124 


f recent 
in. Eng 
) 

er-rivel 
cks and 


Lincolt 
15-119, 





logy oi 
discus | 
sue, p. 


oklyn- 
25, Pe 


e East 


News,” 
: 





siphon as effected by swelling shales. Econ. Geol., 
v.41, p. 266-281, 1946. 

2i. Morrison, R. G. K. A general theory of rock 
bursts. Pt. 1, Eng. Min. Jour., v. 148, no. 12, p. 
70-73, 1947; Pt. 2, v. 149, no. 1, p. 68-70, 1948 

4, Nipkow, H. Uerberwindung einer Druck- 
strecke beim Stollenbau fuer das Kraftwerk Moerel 
(Construction of an intake tunnel for Moerel 
power plant through a zone of high pressure). 
Schweizerische Bauzeitung, v. 65, no. 38, p. 522- 
523, 1947. (Abstract in USGS Circular 75, 1950) 

2. Ott, J. C. Quelques aspects du probléme de 
la poussée sur les tunnels. Bull. Technique de la 
Suisse Romande, 71me année, no. 1, p. 13-22; no. 
4,p. 41-50, 1945. (A few aspects of the problem of 
pressures on tunnels. USGS, Eng. Geol. Branch, 
Translation no. 29, 1951) 

3%. Page, Ben M. Geology of the Broadway 
Tunnel, Berkeley Hills, California. Econ. Geol., v. 
45, p. 142-166, 1950 

31. Platt, D. H. Roof-bolting the Delaware aque- 
duct, U. S. Bur. Mines, Inf. Circ. 7652, 9 p., 1952 

32. Polack, S. P. Methods of excavation and roof 
Support used in some recently constructed tunnels. 


/ U.S. Bur. Mines, Inf. Circ. 7658, 14 p., 1950 


33. Rabcewicz, L. von. Gebirgsdruck und 
Tunnelbau. 86 p., Wien, Springer-Verlag, 1944. 

34. Richardson, Harold W.,and Mayo, Robert S. 
Practical tunnel driving. 436 p., N. Y., McGraw- 
Hill, 1941 

35. Roley, Rolf W. Certain geological conditions 
that cause coal mining fatalities. Ill. G. S., Circ. 
138, 4 p., 1947 

36. Sanborn, James F. Engineering geology in 
the design and construction of tunnels. Application 
of Geology to Engineering Practice, p. 45-81, GSA, 
Berkey Volume, 1950. 

37. Singstad, Ole. The Queens Midtown Tunnel 
(with discussion). ASCE Trans., v. 109, p. 679- 
762, 1944 (1945). 

38. Steele, I. C., chairman, and Subcommittee of 
Hydraulic Power Committee, Engineering Section, 
Pacific Coast Electrical Assoc. Pressure tunnels. 
Electrical West, v. 60, p. 406-417, 1928. (McGraw- 
Hill Co. of California, 833 Mission St., San Fran- 
cisco) 

39. Stiefel, Fred W. Constructing the Delaware 
aqueduct under the Shawangunk Range. Civ. Eng., 
v. 12, p. 199-202, 1942 

40. Stini, Josef. Tunnelbaugeologie. 366 p., Wien, 
Springer-Verlag, 1950 

41. Steuerman, S., and Foster, H. Alden. Eliza- 
beth River and Baytown tunnels compared. Civ. 
Eng., v. 22, p. 1010-1016, (no. 12, p. 34-40), 1952 

42. Terzaghi, Karl. Rock defects and loads on 
tunnel supports. Appendix, p. 15-99, in Rock 
tunneling with steel supports, Commercial Shearing 
and Stamping Co., Youngstown, Ohio, 1946; re- 
printed, Harvard Univ., Grad. Sch. of Eng. Publ. no. 
418, Soil Mechanics Series no. 25, 95 p., 1946 

43. Terzaghi, Karl. Geologic aspects of soft- 
ground tunneling. Applied Sedimentation, p. 193- 
209, N. Y., John Wiley & Sons, 1950 

44. Thomas, Edward. Roof bolting in the United 
States. U. S. Bur. Mines, Inf. Circ. 7583, 8 p., 1950 

45. USBR. Selected bibliography on pressure 
tunnels. USBR, Tech. Library, Tech. Bibliography 
217, Denver, 1952 

46. Wahlstrom, Ernest E. Application of geology 
to tunneling problems (with discussion). ASCE 
Trans., v. 113, p. 1310-1348, 1948 

47. Zanoskar, Walter. Stollen- und Tunnelbau. 
231 p., Wien, Springer-Verlag, 1950 


CANALS 


1. Binger, Wilson V. Analytical studies of 
Panama Canal slides. Int. Conf. Soil Mech. and 
Found. Eng., Second, Proc., v. 2, p. 54-60, 1948 

2. Binger, Wilson V., and Thompson, Thomas F. 
Excavation slopes (with discussion) in Panama 
Canal—the sea level project; a symposium. ASCE 








1010 


Trans., v. 114, p. 734-754, 809-811, 820-822, 
831-834, 847-849, 852-853, 870-874, 898-903, 
1949 

3. MacDonald, Donald F. Some engineering 
problems of the Panama Canal in their relation to 
geology and topography. U. S. Bur. Mines, Bull. 86, 
88 p., 1915 

4. MacDonald, Donald F. The Third Locks proj- 
ect: Panama Canal slides. The Panama Canal, 
Dept. of Operation and Maintenance, Special 
Engineering Division, Balboa Heights, Canal Zone, 
73 p., 1947 

5. Paige, Sidney. Effect of a sea-level canal on 
the ground-water level in Florida. Econ. Geol., v 
31, p. 537-570, 1936. Discussion, by John S. Brown, 
v. 32, p. 589-599, 1937; by D. G. Thompson, O. E. 
Meinzer, and V. T. Stringfield, v. 33, p. 87-107, 
1938; reply by the author, v. 33, p. 647-665, 1938 

6. Reiche, Parry. Geology of part of the Delta- 
Mendota Canal near Tracy, California. California 
Dept. Nat. Resources, Div. of Mines, Spec. Rpt. 
2, 12 p., 1950 

7. Scott, Harold A., Sr. Barge canal to cross 
Florida. Civ. Eng., v. 15, p. 347-350, 1945 

8. USCE. Atlantic-Gulf ship canal. 75th Cong., 
1st sess., House Doc. 194, 625 p., 1938 

9. USCE. Canalization. Engineer School, 398 p., 
2 v., Fort Belvoir, Va., 1939 

10. USCE. Waterway connecting the Tombigbee 
and Tennessee rivers. 76th Cong., Ist sess., House 
Doc. 269, 111 p., 1939. (see especially p. 26-27 and 
73-88) 

11. Van Hise, Charles R., et al. Report of the 
committee of the National Academy of Sciences on 
Panama Canal slides. Nat. Acad. Sci., Mem., v. 18, 
135 p., 1924 

12. Wolf, William H., and Holtz, W. G. Slope 
stability studies for the Delta-Mendota Intake 
Canal. Int. Conf. Soil Mech. and Found. Eng., 
Second, Proc., v. 3, p. 268-274, 1948 


Hicuway GEOLOGY 


1. AASHO. Standard specifications for highway 
materials and methods of sampling and testing. 
Part 1, Specifications, 231 p.; Part 2, Methods of 
sampling and testing, 414 p.; AASHO, 6th ed., 1950 

2. AASHO. Manual of highway construction 
practices and methods. AASHO, 181 p., 1949 

3. ASTM. Symposium on surface and subsurface 
reconnaissance. ASTM Spec. Tech. Publ. 122, 228 
p-, 1951 

4. Baker, R. F. Analysis of corrective actions for 
highway landslides (with discussion). ASCE Trans., 
v. 119, p. 665-698, 1954 

5. Bean, E. F. Engineering geology of highway 


ENGINEERING GEOLOGY REFERENCE LIST 


location, construction, and materials. Application! § i 
Geology to Engineering Practice, p. 181-194, gy 9 
Berkey Volume, 1950 

6. Belcher, D. J., Gregg, L. E., and Woo: 
K. B. The formation, distribution and cugnel 
characteristics of soils. Purdue Univ., Eng. By) 
v. 27, no. 1 (Res. Series no. 87, Highway Res. Ble 
no. 10), 389 p., 1943 

7. Belcher, Donald J. The engineering signi 
cance of soil patterns. HRB, Proc. 23rd. Ann. Mt 
p. 569-598, 1943. (Also, Purdue Univ., Eng. Ey 
Sta., Joint Hwy. Research Project, Reprint no, | 
1944) 

8. Bollen, R. E. Characteristics and uses of log 
in highway construction. Am. Jour. Sci., v. 243, 
283-293, 1945 

9. Carpenter, J. C., and Barber, Edward S. Ver 
cal sand drains for stabilization of muck-peat soil 
ASCE Proc., v. 79, sep. 351, 17 p., 1953 

10. Clark, A. C., The Alaska Highway—effect 
climate and soils on design. Civ. Eng., v. 13, 
209-212, 1943 

11. Cleaves, Arthur B., and Stephenson, Robe 
C. Guidebook to the geology of the Pennsylvani 
turnpike, Carlisle to Irwin. Pa. Topo. and Ged 
Sur., Bull. G 24, 72 p., 1949 

12. Cleaves, Arthur B. Sedimentation and higi 
way engineering. Applied Sedimentation, p. 12) 
146, N. Y., John Wiley & Sons, 1950 

13. Eager, William L., and Pryor, William ] 
Ice formation on the Alaska Highway. Pub. Roaé 
v. 24, no. 3, p. 55-74, 1945 

14. Ekblaw, George E., and Grim, Ralph } 
Some geological relations between the constitutic 
of soil materials and highway construction. Ill. G 
S., Rpt. Inv. 42, 16 p., 1936 

15. Gwynne, Charles S. Terraced highway sid 
slopes in loess, southwestern Iowa. GSA Bull, ' 
61, p. 1347-1354, 1950 

16. Harned, C. H. Foundations for highwa 
bridges and separation structures on unconsolidate 
sediment. Applied Sedimentation, p. 169-18 
N. Y., John Wiley & Sons, 1950 

17. HRB. The appraisal of terrain conditions fi 
highway engineering purposes. HRB Bull. 13, 9 
p., 1948 

18. HRB. Soil exploration and mapping. HR! 
Bull. 28, 121 p., 1950 

19. HRB. Frost action in soils, a symposium 
HRB Spec. Rpt. no. 2, 385 p., 1952 

20. HRB. Highway materials surveys. 
Bull. 62, 118 p., 1952 

21. HRB. Mapping and subsurface exploratio:| 
for engineering purposes. HRB Bull. 65, 54 p., 199 ; 








HR} 


22. Horner, Seward E., and McNeal, John Dg @ 


Applications of geology to highway engineeriniy 


(with 
0, 1] 
"D. 
ni int 
110, | 
24. 


ent | 
and ¢ 
face | 

28 
A. § 
um] 
Balti 

29 
of th 
Ohio 
no. J 

0 
and 
17-2 

31 
man 
Esti 
way 
($4: 

3 
hori: 
loca 

3 
expe 
Jers 


3 
Gro! 


and 


Tel 
Gill 
3 


for 


E 
hig! 





plication | 
1-194, Gs 


ind Wood 

engineer 
Eng. Bu 1 
y Res, Bul 


wm 





‘ing signi ; 
Ann. Mth? 
Eng. Ey 
rint no, | 


Ses of lod 
, Vv. 243, 


rd S. Verj 
peat soi 


—effect 
ve & 


mn, Robe : 
mnsylvanj ? 
and Geo 


and high 
, Pp. 12) 


jilliam 1 
b. Road 


Ralph } 
nstitutia 
n. Ill. 4 


way sid 
Bull., j 


highwaj 
solidatel 
169-18) 


itions fo 
l. 13, 9 





g. HRI 
1posium 

. HRS d 
loratio: | 
p., 1955 


fohn Di 
ineering 





HIGHWAY GEOLOGY 1011 


(nith discussion). Colo. Sch. Mines Quart., v. 45, 
no, 1B, p. 154-191, 1950 

93, Huntting, Marshall T. Geology in highway 
engineering (with discussion). ASCE Trans., v. 
110, p. 271-344, 1945 

24. Johnson, A. W. Frost action in roads and air- 
fields, a review of the literature, 1765-1951. HRB 
Spec. Rpt. no. 1, 287 p., 1952 

25, Kansas State Highway Commission. Classi- 
fication of excavation. Standard Specifications for 
State Road and Bridge Construction, 66 p., Topeka, 
Kansas, 1951 

26. Kansas State Highway Commission. Under- 
drain construction standard. Standard Specifica- 
tions for State Road and Bridge Construction, 301 
p., Topeka, Kansas, 1951 

27. Keene, Philip, and Horner, Seward E. Pres- 
ent practice in subsurface drainage for highways 
and airports (Report of the Committee on Subsur- 
face Drainage). HRB Bull. 45, 20 p., 1951 

28. LeSueur, Benjamin W., and Supp, Carl W. 
A. Soil surveys and anticipated soil problems on 
tumpikes. J. E. Greiner Co., 1201 St. Paul St., 


) Baltimore 2, Maryland 


29. Marshall, H. E., and Maxey, J. S. The role 
of the geologist in constructing Ohio’s highways. 


| Ohio State Univ., Eng. Exp. Sta. News., v. XXII, 


no. 2, p. 12-14, 32-34, 1950 

30. Martin, P. G., and Horner, S. E. Geology 
and road problems. Better Roads, v. 12, no. 8, p. 
17-20, 1942 

31. Michigan State Highway Department. Field 
manual of soil engineering. 368 p., 3rd ed., Contract- 
Estimate Engineer’s Office, Michigan State High- 
way Department, Station A, Lansing 26, Michigan. 
($4.50) 

32. Newby, Jack M. Cuts stabilized by drilling 
horizontal drains on Lookout Point Reservoir re- 
location work. Civ. Eng., v. 23, p. 688-691, 1953. 

33. Porter, O. J., and Urquhart, L. C. Sand drains 
expedited stabilization of marsh section (of New 
Jersey Turnpike). Civ. Eng., v. 22, p. 27-31, 1952 

34. Rasmussen, W. C., and Haigler, L. B. 
Ground-water problems in highway construction 
and maintenance. Delaware G. S., Bull. no. 1, 24 
p., 1953 

35. Runner, D. G. Geology for civil engineers as 
related to highway engineering. 299 p., Chicago, 
Gillette Publishing Co., 1939 

36. Runner, D. G. A simplified rock classification 


j for highway engineers. Better Roads, v. 16, no. 3, 
p. 23-24, 32; no. 4, p. 21-22, 36, 1946 


37. Woods, K. B. Subgrade soil exploration for 
highways. Roads and Streets, v. 93, no. 7, p. 53-58, 
2, 1950 

38. Woods, K. B. Methods for making highway 


soil surveys (with discussion). ASCE Trans., v. 118, 
p. 946-960, 1953. 


RIVER ENGINEERING 


1. Allison, J. C. Control of the Colorado River 
as related to the protection of Imperial Valley (with 
discussion). ASCE Trans., v. 81, p. 297-340, 1917 

2. Blench, Thomas. Regime theory for self- 
formed sediment-bearing channels (with discussion). 
ASCE Trans., v. 117, p. 383-408, 1952 

3. Chatley, Herbert. Problems in the theory of 
river engineering. Instn. Civ. Eng., Select. Eng. 
Papers, no. 71, 23 p., 1929 

4. Chatley, Herbert. The hydraulics of large 
rivers. Jun. Instn. Eng., Jour., v. 48, pt. 9, p. 401- 
416, 1938; also, Civ. Eng. (London), v. 33, p. 59-62, 
1938 

5. Cobb, W. C. The passes of the Mississippi 
River. ASCE Trans., v. CT, p. 1147-1162, 1953 

6. Eakin, Henry M. The twin problem of erosion 
and flood-control. AGU, Trans. 17th Ann. Mtg., 
pt. 2, p. 436-439, 1936 

7. Elliott, D. O. The improvement of the lower 
Mississippi River for flood control and navigation. 
WES, 3 v., 345 p., 1932 

8. ENR. Will the Atchafalaya capture Old Miss? 
ENR, v. 152, no. 14, p. 36-38, 41, 1954 

9. Ferguson, H. B. History of the improvement 
of the lower Mississippi River for flood control and 
navigation 1932-1939. Miss. River Comm., 198 p., 
1940 : 

10. Feringa, P. A., and Schweizer, Charles W. 
One hundred years of improvement on lower Mis- 
sissippi River. ASCE Trans., v. CT, p. 1100-1124, 
1953 

11. Fisk, Harold N. Geological investigation of 
the alluvial valley of the lower Mississippi River. 
Miss. River Comm., 2 v., 78 p., 1945 

12. Fisk, Harold N. Fine-grained alluvial de- 
posits and their effects on Mississippi River ac- 
tivity. WES, 2 v., 82 p., 1947 

13. Fisk, Harold N. Mississippi River valley 
geology relation to river regime (with discussion). 
ASCE Trans., v. 117, p. 667-689, 1952. 

14. Friedkin, J. F. A laboratory study of the 
meandering of alluvial rivers. WES, 40 p., 1945. 

15. Gilbert, Grove K. Hydraulic-mining debris 
in the Sierra Nevada. USGS Prof. Paper 105, 
154 p., 1917. 

16. Happ, Stafford C. Stream channel control. 
Applied Sedimentation, p. 319-335, N. Y., John 
Wiley & Sons, 1950 

17. Hardin, John R. The Mississippi-Atchafalaya 
diversion problem. Mil. Eng., v. 46, p. 87-92, 1954 

18. Harts, William W. Improvement of rivers. 
USCE, Prof. Mem., v. 5, no. 20, p. 139-161, 1913 








1012 


19. Hathaway, Gail A. Sedimentation problems 
related to floodways navigation channels and 
harbors (with discussion). Federal Inter-Agency 
Sedimentation Conf., Proc., p. 18-28, USBR, 
Washington, D. C., 1948 

20. Hjulstrom, Filip. Studies of the morphological 
activity of rivers as illustrated by the River Fyris. 
Upsala Univ. (Sweden), Geol. Inst., Bull., v. 25, p. 
221-528, 1935 

21. Hjulstrom, Filip. Transportation of detritus 
by moving water. Recent Marine Sediments, a 
Symposium, p. 5-31, AAPG, 1939 

22. Huber, Raymond L. Channel stabilization— 
Missouri River. ASCE, Denver Convention Pre- 
print no. 34, 16 p., 1952 

23. Humphreys, A. A. Report upon the physics 
and hydraulics of the Mississippi River. 456 p., 
Philadelphia, J. B. Lippincott & Co., 1861. Re- 
printed with additions, U. S. Eng. Dept., Prof. 
Paper 13, 490 p., 1876 

24. Johnson, Joe W., and Minaker, W. L. Move- 
ment and deposition of sediment in the vicinity of 
debris barriers. AGU, Trans. 1944, pt. 6, p. 901-905, 
1945 

25. Kesseli, John E. The concept of the graded 
river. Jour. Geol., v. 45, p. 561-588, 1941 

26. Lane, E. W. Stable channels in erodible ma- 
terial (with discussion). ASCE Trans., v. 102, p. 
123-194, 1937 

27. Lane, E. W., and Borland, W. M. River-bed 
scour during floods (with discussion). ASCE Trans., 
v. 119, p. 1069-1089, 1954 

28. Leete, Frederick Alexander, and Cheyne, 
G. C. Regulation of rivers without embankments as 
applied in the training works at the headwaters of 
the Rangoon River, Burma (locally known as the 
Myitmaka training works). 122 p., London, Crosby, 
Lockwood & Son, 1924 

29. Leighly, John B. Toward a theory of the 
morphologic significance of turbulence in the flow 
of water in streams. Univ. California, Publ. in 
Geography, v. 6, p. 1-22, 1932 

30. Leopold, Luna B., and Maddock, Thomas, 
Jr. The hydraulic geometry of stream channels and 
some physiographic implications. USGS Prof. 
Paper 252, 57 p., 1953 

31. Mackin, J. Hoover. Concept of the graded 
river. GSA Bull., v. 59, p. 463-511, 1948 

32. Matthes, Gerard H. Floods and their eco- 
nomic importance. AGU Trans. 15th Ann. Mtg., pt. 
1, p. 427-432, 1934; also, Mil. Eng., v. 26, p. 265- 
268, 1934 

33. Matthes, Gerard H. Basic aspects of stream 
meanders. AGU, Trans. 22nd. Ann. Mtg., pt. 3, p. 
632-636, 1941 

34. Matthes, Gerard H. Mississippi River cut- 





ENGINEERING GEOLOGY REFERENCE LIST 


offs (with discussion). ASCE Trans., vy. 113, p, 
1-39, 1948 

35. Melton, F. A. An empirical classification of 
flood-plain streams. Geogr. Rev., v. 26, p. 593-609, 
1936 

36. Pickels, George W. Drainage and flood-con- 
trol engineering. 476 p., N. Y., McGraw-Hill, 2nd, 
ed., 1941 

37. Russell, Richard Joel. Physiography of lower 
Mississippi River delta. Louisiana G. S., Geol, 
Bull. 8, p. 3-193, 1936 

38. Schaank, E. M. H. The transportation of 
sand in rivers. Assoc. Internationale d’Hydrologie 
Scientifique (Union Géodésique et Géophysique 
Internationale), Réunion de Washington, 1939, 
Compte Rendu, Comm. Potamologie, Question 3, 
Rapport 4, 17 p., (1948) 

39. Schaffernak, Friedrich. Grundriss der Fluss- 
morphologie und des Flussbaues. 115 p., Wien, 
Springer-Verlag, 1950 

40. Senour, Charles. New project for stabilizing 
and deepening lower Mississippi River (with dis- 
cussion). ASCE Trans., v. 112, p. 277-297, 1947 

41. Shulits, Samuel, and Corfitzen, W. E. Bed- 
load transportation and the stable-channel problem. 
AGU, Trans. 18th Ann. Mtg., pt. 2, p. 456-467, 
1937 

42. Shulits, Samuel. Rational equation of river- 
bed profile (with discussion). AGU, Trans. of 1941, 
pt. 3, p. 622-631, 1941 

43. Stanley, J. W. Retrogression on the lower 
Colorado River after 1935 (with discussion). ASCE 
Trans., v. 116, p. 943-957, 1951 

44. Straub, Lorenz G. Mechanics of rivers. 
Hydrology, p. 614-636, N. Y., McGraw-Hill, 1942. 
Reprinted, Dover Publications, N. Y. 19, 1949 

45. Sugden, Harry. Problems encountered in 
improving a deep water harbor. ASCE Proc., v. 
80, sep. 502, 18 p., 1954 

46. Sykes, Godfrey. Delta, estuary, and lower 
portion of the channel of the Colorado River 1933 
to 1935. Carnegie Instn., Publ. 480, 70 p., 1937 

47. Turnbull, W. J., Krinitzsky, E. L., and 
Johnson, S. J. Sedimentary geology of the alluvial 
valley of the lower Mississippi River and its in- 
fluence on foundation problems. Applied Sedimen- 
tation, p. 210-226, N. Y., John Wiley & Sons, 1950 

48. USBR. Report on river control work and in- 
vestigations, Lower Colorado River basin, calendar 
years 1946 and 1947. USBR, Region III, Boulder 
City, Nev., 1948 

49. USCE. Survey of Mississippi River between 
Missouri River and Minneapolis. 72nd Cong., Ist. 
Sess., House Doc. 137, pt. 1, 120 p., 1932 

50. USCE. Columbia River and minor tribu- 





taries. 7 
1845 p. 
51. U 
cluding 
House | 
52. U 
Californ 
House ( 
Doc. 50, 
53. U 
Sess., H 
p. 1032 
54. U 
House I 
55. U 
74th. C 
p., 1931 
56. U 
WES T 
57. U 
alluvial 
WES T 
58. U 
W. Va., 
Doc. 2¢ 
59. U 
(Oklahe 
House ] 
60. V 
and sec 
107, p. 


1. Be 
water; i 
Royal § 
p. 1-18 

2. Bi 
ments 
Series | 
Calif., 1 

3. Bi 
sand siz 
no. 6, f 

4. Bi 
cussion 

5. Bi 
ment of 
1954 

6. C 
shore 0 
Jour. § 

i. € 
ing an 
probler 
109-11 


iver- 
941, 


ower 
SCE 


vers. 
942. 


wer 


1933 








COASTAL ENGINEERING 


taries. 73rd. Cong., 1st. Sess., House Doc. 103, 2 v., 
1845 p., 1933 

51. USCE. Potomac River and tributaries in- 
cluding Occoquan Creek. 73rd. Cong., ist. Sess., 
House Doc. 101, 495 p., 1934. 

52. USCE. Sacramento River and tributaries, 
California (debris control). 74th. Cong., ist. Sess., 
House Committee on Rivers and Harbors, Comm. 
Doc. 50, 34 p., 1935 

53. USCE. Missouri River. 73rd. Cong., 2nd. 
Sess., House Doc. 238, 1245 p., 1935 (see especially 
p. 1032-1183) 

54. USCE. Ohio River. 74th. Cong., 1st. Sess., 
House Doc. 306, 194 p., 1936 

55. USCE. Arkansas River and _ tributaries. 
74th. Cong., 1st. Sess., House Doc. 308, 3 v., 1794 
p., 1936 

56. USCE. Geology of the lower Red River. 
WES Tech. Memo. 3-319, 1950 

57. USCE. Geology of the lower Arkansas River 
alluvial valley, Pine Bluff, Arkansas, to mouth. 
WES Tech. Memo. 3-332, 32 p., 1951 

58. USDA. Potomac River drainage basin, Va., 
W. Va., Md., and Pa. 78th. Cong., 1st. Sess., House 
Doc. 269, 38 p., 1943 

59. USDA. Watershed of the Washita River 
(Oklahoma and Texas). 78th Cong., ist. Sess., 
House Doc. 275, 31 p., 1943. 

60. Whipple, William, Jr. Missouri River slope 
and sediment (with discussion). ASCE Trans., v. 
107, p. 1178-1214, 1942 


CoASTAL ENGINEERING 


1. Bagnold, R. A. Motion of waves in shallow 
water; interaction between waves and sand bottoms. 
Royal Society of London, Proc., Series A, vol. 187, 
p. 1-18, 1946 

2. Bascom, W. N. Investigation of sand move- 
ments at Santa Barbara Harbor. Inst. of Eng. Res., 
Series 14, Issue 8, Univ. of California, Berkeley, 
Calif., 1951 

3. Bascom, Willard N. The relationship between 
sand size and beach-face slope. AGU Trans., v. 32, 
no. 6, p. 866-874, 1951 

4. Brown, Earl I. Beach erosion studies (with dis- 
cussion). ASCE Trans., v. 105, p. 869-918, 1940 

5. Bruun, Per. Coast erosion and the develop- 
ment of beach profiles. BEB Tech. Memo. 44, 82 p., 
1954 

6. Colony, R. J. Source of the sands on the south 
shore of Long Island and the coast of New Jersey. 
Jour. Sed. Pet., v. 2, p. 150-159, 1932 

7, Currier, L. W. Geology in shoreline engineer- 
ing and its application to Massachusetts beach 
problems. Conf. Coastal Eng., Third, Proc., p. 
109-118, 1953 


1013 


8. Darrow, Warren E. The hydrologic aspects of 
beach-material supply, with specific reference to 
the shoreline at Long Beach, California (with dis- 
cussion). AGU, Trans. 23rd Ann. Mtg. 1942, p. 
644-652, 1942 

9. Dunham, James W. Refraction and diffraction 
diagrams. Conf. Coastal Eng., First, Proc., pt. I, 
p. 33-49, 1951 

10. Eaton, Richard O. Littoral processes on sandy 
coasts. Conf. Coastal Eng., First, Proc., pt. 3, p. 
140-154, 1951 

11. Evans, O. F. The origin of spits, bars, and 
related structures. Jour. Geol., v. 50, p. 846-865, 
1942 

12. Feltner, C. E. Beach erosion in North 
Carolina. N. C. Eng. Exp. Sta. Bull., v. 37, 39 p., 
1948 

13. Grant, U. S. Waves as a sand-transporting 
agent. Am. Jour. Sci., v. 241, p. 117-123, 1943 

14. Hall, J. V., and Herron, W. J. Test of nourish- 
ment of shore by offshore deposition of sand, Long 
Branch, N. J. BEB Tech. Memo. 17, 32 p., 1950 

15. Hall, Joy V., Jr. Artificially nourished and 
constructed beaches. Conf. Coastal Eng., Third, 
Proc., p. 119-136, 1953 

16. Handin, J. W. The source, transportation, 
and deposition of beach sediment in southern Cali- 
fornia. BEB Tech. Memo. 22, 113 p., 1951 

17. Handin, John W. The geological aspects of 
coastal engineering. Conf. Coastal Eng., First, 
Proc., pt. 3, p. 133-136, 1951 

18. Handin, J. W., and Ludwick, J. C. Accretion 
of beach sand behind detached breakwater. BEB 
Tech. Memo. 16, 13 p., 1950 

19. Hardin, John R., and Booth, William H., Jr. 
Lake Michigan erosion studies (with discussion). 
ASCE Trans., v. 118, p. 39-60, 1953 

20. Howard, Arthur David. Hurricane modifica- 
tion of the offshore bar of Long Island, New York. 
Geogr. Rev., v. 29, p. 400-415, 1939 

21. Inman, D. L. Report on beach study in 
vicinity of Mugu Lagoon, California. BEB Tech. 
Memo. 14, 47 p., 1950 

22. Inman, D. L. Submarine topography and 
sedimentation in the vicinity of Mugu submarine 
canyon, California. BEB Tech. Memo. 19, 45 p., 
1950 

23. Inman, D. L., and Quinn, W. H. Currents in 
the surf zone. Conf. Coastal Eng., Second, Proc., p. 
24-36, 1952 

24. Johnson, Douglas Wilson. Shore processes 
and shoreline development. 584 p., N. Y., John 
Wiley & Sons, 1919 

25. Johnson, Douglas. The New England- 
Acadian shoreline. 608 p., N. Y., John Wiley & 

Sons, 1925 (See chapters VII, X, and XIII) 








1014 


26. Johnson, J. W. Engineering aspects of diffrac- 
tion and refraction (with discussion). ASCE Trans., 
v. 118, p. 617-652, 1953 

27. Kindle, E. M. Dominant factors in the 
formation of firm and soft sand beaches. Jour. Sed. 
Pet., v. 6, p. 16-22, 1936 

28. King, C. A. M., and Williams, W. W. The 
formation and movement of sand bars by wave 
action. Geogr. Jour., v. 113, p. 70-85, 1949 

29. Koppejan, A. W., Van Wamelan, B. M., and 
Weinberg, L. J. H. Coastal flow slides in the Dutch 
Province of Zeeland. Int. Conf. on Soil Mech. and 
Found. Eng., Second, Proc., v. 5, p. 89-96, 1948 

30. Krumbein, W. C. Shore processes and beach 
characteristics. BEB Tech. Memo. 3, 35 p., 1947 

31. Krumbein, W. C. Geological aspects of beach 
engineering. Application of Geology to Engineering 
Practice, p. 195-223, GSA, Berkey Volume, 1950 

32. Krumbein, W. C. Littoral processes in lakes. 
Conf. Coastal Eng., First, Proc., pt. 3, p. 155-160, 
1951 

33. Lucke, John B. A study of Barnegat Inlet, 
New Jersey, and related shoreline phenomena. 
Shore and Beach, v. 2, no. 2, p. 45-93, 1934. (Ameri- 
can Shore and Beach Preservation Association, 1060 
Broad St., Newark, N. J.) 

34. Martens, James H. C. Beaches. 
Marine Sediments, p. 207-218, AAPG, 1939 

35. Mason, Martin A. Importance of shore pro- 
tection studies. BEB Bull., v. 1, no. 2, p. 13-16, 1947 

36. Mason, Martin A. Geology in shore-control 
problems. Applied Sedimentation, p. 276-290, N. Y., 
John Wiley & Sons, 1950 

37. Mason, Martin A. The wind element in 
beach erosion. BEB Bull., v. 4, no. 3, p. 19-23, 1950 

38. Mason, Martin A. Pertinent factors in the 
protection of the Gulf Coast. Conf. Coastal Eng., 
Second, Proc., p. 217-225, 1952 

39. Munch-Peterson. Littoral drift formula. 
BEB Bull. v. 4, no. 4, 1950. (Translation of speech 
at the Academy for Technical Sciences, April 5, 
1938) 

40. Munk, Walter H., and Traylor, Melvin A. 
Refraction of ocean waves: a process linking under- 
water topography to beach erosion. Jour. Geol., 
v. 55, p. 1-26, 1947 

41. Patterson, C. B., and Simmons, H. B. Con- 
tribution of model analysis to the solution of 
shoaling problems. Applied Sedimentation, p. 300- 
318, N. Y., John Wiley & Sons, 1950 

42. Shepard, Francis P. Shoreline erosion at La 
Jolla, Calif. Civ. Eng., v. 13, p. 80-82, 1943 

43. Shepard, Francis P. Submarine geology. 348 
p., N. Y., Harper & Bros., 1948. (see Chap. 3-5) 

44. Shepard, Francis P. Longshore-bars and long- 
shore-troughs. BEB Tech. Memo. 15, 32 p., 1950 


Recent 





ENGINEERING GEOLOGY REFERENCE LIST 


45. Shepard, Francis P. Beach cycles in souther 
California. BEB Tech. Memo. 20, 26 p., 1950 

46. Shepard, Francis P. Revised nomenclaty, 
for depositional coastal features. AAPG Bull, ; 
36, p. 1902-1912, 1952 

47. Shepard, Francis P., and Inman, D. | 
Nearshore circulation. Conf. Coastal Eng., Firs, 
Proc., pt. 1, p. 50-59, 1951 

48. Shepard, Francis P., and LaFond, Eugene ( 
Sand movements along the Scripps Institution pie 
Am. Jour. Sci., v. 238, p. 272-285, 1940 

49. Shepard, F. P., Macdonald, G. A., and Cor 
D. C. The tsunami of April 1, 1946. Scripps Instn 
Oceanogr., Bull., v. 5, no. 6, p. 391-528, 1950 

50. Singewald, Joseph T., Jr., and Slaughter 
Turbit H. Shore erosion in tidewater Maryland 
Maryland Dept. Geol., Mines, and Water Re 
sources, Bull. 6, 141 p., 1949. (Johns Hopkins Univ, 
Baltimore) 

51. Steers, J. A. The coastline of England an¢ 
Wales. 644 p., Cambridge Univ. Press, 1946 

52. Trask, Parker D. Source of beach sand at 
Santa Barbara, Calif., as indicated by mineral grair 
studies. BEB Tech. Memo. 28, 24 p., 1952 

53. USCE. Abrasion of beach sand. BEB Tech, 
Memo. 2, 15 p., 1942 | 

54. USCE. Beach erosion at Kitty Hawk, Nags 
Head and Oregon Inlet, N. C. 74th Cong., 1st sess., 
House Doc. 155, 40 p., 1935 

55. USCE. Beach erosion at Manasquan Inlet, 
N. J., and adjacent beaches. 75th Cong., 1st sess., 
House Doc. 71, 37 p., 1936 (1937) 

56. USCE. Beach erosion at Daytona Beach, 
Fla. 75th Cong., 3rd sess., House Doc. 571, 34 p., 
1938 

57. USCE. Beach erosion study, St. Simon 
Island, Ga. 76th Cong., 3rd sess., House Doc. 820, 
24 p., 1940 





58. USCE. Beach erosion studies. Engineering 


Manual for Civil Works, pt. CXXXIII, 40 p.,| 


Office, Chief of Engineers, Washington, D. C., 1947 

59. U. S. Navy, Hydrographic Office. Breakers 
and surf; principles in forecasting. U. S. Navy 
Dept., Hydrographic Office, Publ. no. 234, 52 p., 
1944 

60. Wicker, C. F. History of New Jersey coast- 
line. Conf. Coastal Eng., First, Proc., pt. 5, p. 299- 
319, 1951 

61. Wiegel, R. L. Waves, tides and beaches: 
glossary of terms and list of standard symbols. 
Inst. of Eng. Res., Tech. Rept., Series no. 3, Issue 
no. 33, Univ. of Calif., Berkeley, Calif., 1951 

62. Williams, W. W., and King, C. A. M. Ob- 
servations made on Karentes Beach. BEB Bull., v- 
5, no. 2, p. 19-23, 1951 


1, Bod 
survey Té 
sessment 
Bull. 22, 

2. Bro 
western ! 
1921 

3, Buc 
Geology 
Council). 
geograph 

4, Bil 
Leipzig, 

5. Ca 
P. Appli 
studies. | 
1945 (19 

6. Ere 
to the pi 
1194, 19 

1. Er 
cations ¢ 
y. 55, p. 

8. (G 
der Pior 

Webrgec 
von Ho 
Berlin, 1 
9. (G 
Wehrger 
Insel Kr 
10. ( 
der Hes 
heeres 
Technis 
geologer 
il. € 
and toy 

Press, 1 

12. ¥ 
military 

496, 19. 

13. 
tion of | 

GSA, E 

14. | 
World 
648 p., 
| 
the pre 
16. | 
nilitar 
ment o 
1951 





southen 
950 


nclatuy 
Bull., 


DI 
-y First 


gene (, 
on pier 


nd Cox 
5 Instn 
) 

ughter 
ryland 
er Re 
3 Univ, 


nd and 


J 
and at 
ul grain 


Tech. 


, Nags 
t sess., 


Inlet, 
L SeSS., 


Beach, 
34 p., 


Simon 


-. 820, 


eering 
10 p., 





1947 | 
akers| 
Navy 


2 P., 


coast- 
299- 


ches: 
ibols. 
Issue 


-Ob- 
» nent of Science (London), v. 8, no. 30, p. 131-137, 


l., v- & 


MILITARY GEOLOGY 


MiuitarRy GEOLOGY 


|, Bodman, Geoffrey B. Significance of the soil 
survey report in the selection and preliminary as- 
sessment of sites for airplane landing strips. HRB 
Bull. 22, p. 117-128, 1949 

?, Brooks, Alfred H. The use of geology on the 
western front. USGS Prof. Paper 128-D, p. 85-124, 
1921 

3, Bucher, W. H. (Chairman, Division of 
Geology and Geography, National Research 
Council). Bibliography of military geology and 
geography. GSA, 18 p., 1941 

4, Billow, Kurd von, et al. Wehrgeologie. 178 p., 
Leipzig, Quelle und Meyer, 1938 

5, Cady, J. G., Striker, M. M., and Sokoloff, V. 
P. Application of soil science in terrain intelligence 
studies. Soil Sci. Soc. Amer., Proc., v. 10, p. 371-374, 
1945 (1946) 

6. Erdmann, Charles E. Application of geology 
to the principles of war. GSA Bull., v. 54, p. 1169- 
1194, 1943 

7. Erdmann, Charies E. Military geology: appli- 
cations of geology to terrain intelligence. GSA Bull., 
v.55, p. 783-788, 1944 

8. (Germany) Generalstab des Heeres, General 
der Pionere und Festungen, Gruppe Wehrgeologie. 
Wehrgeologische Beschreibung der Atlantikkiiste 
von Holland bis zum spanischen Grenze. 63 p., 
Berlin, 1943 

9. (Germany) Generalstab des Heeres, Gruppe 
Wehrgeologie. Wehrgeologische Beschreibung der 
Insel Kreta. 27 p., Berlin, 1943 

10. (Germany) Oberkommando des Heeres, Chef 
der Heeresriistung und Befehlshaber des Ersatz- 
heres AHA In Fest / Leitender Heeresgeologe. 
Technische Angaben und Zahlen tafeln fiir Wehr- 
geologen, 1944 

ll. Gregory, Herbert E., et al. Military geology 
and topography. 281 p., New Haven, Yale Univ. 
Press, 1918 

12. Hack, John T. Photo-interpretation in 
nilitary geology. Photogram. Eng., v. 14, p. 488- 
496, 1948 

13. Hunt, Charles B. Military geology. Applica- 
tion of Geology to Engineering Practice, p. 295-327, 
GSA, Berkey Volume, 1950 

14. Johnson, Douglas W. Battlefields of the 
World War. Am. Geogr. Soc., Research Series no. 3, 
48 p., 1921 

15. Johnson, Douglas. Geology and strategy in 
the present war. GSA, 36 p., 1940 

16. King, W. B. R. The influence of geology on 
nilitary operations in north-west Europe. Advance- 


1951 


1015 


17. Kiersch, George A. Engineering geology 
principles of subterranean installations. Econ. 
Geol., v. 46, p. 208-222, 1951 

18. Kranz, Walter. Technische Wehrgeologie. 78 
p., Leipzig, Max Janecke Verlagsbuchhandlung, 
1938 

19. Kraus, Ernst, et al. Wehrgeologischer Lehr- 
gang in Heidelberg, Dec. 14-20, 1940. 156 p., 
Berlin, Oberkommando des Heeres, Reichsdruckerei, 
1941 

20. Lafeber, David. Militaire geologie in Neder- 
land. Geologie en Mijnbouw, v. 10, no. 8, p. 157-170, 
1948. (In Dutch with English summary) 

21. Livingston, Clifton W., (collector) and Good- 
win, LeRoy W. (editor). An introduction to the 
design of underground openings for defense. Colo. 
Sch. Mines Quart., v. 46, no. 1, 304 p., 1951 

22. McCutchen, Wilmot R. The behavior of 
rocks and rock masses in relation to military geology. 
Colo. Sch. Mines Quart., v. 44, no. 1, 76 p., 1949 

23. Mordziol, Carl. Einfiihrung in die Wehr- 
geologie. 102 p., Frankfurt, Verlag Otto Salle, 
1938 

24. Nicol, A. H., Flint, D. E., and Saplis, R. A. 
Engineering geology, Okinawa. USGS Military 
Geology Branch, for Intelligence Division, Office of 
the Engineer, GHQ, Far East Command, U. S. 
Army, April 1951 

25. Nicol, A. H. Application of geophysical 
methods to location of cavities in residual soil and 
caverns in coralline limestone. Military Geology 
Branch, USGS, for Intelligence Division, Office of 
the Engineer, GHQ, Far East Command, U. S. 
Army, 24 p., September 1951 

26. Ovchinnikov, A. M. (editor). Voyennaya 
geologiya. U. S. S. R., Kom. Del. Geol., Moscow- 
Leningrad, 375 p., 1945 

27. Price, Paul H., and Woodward, Herbert P. 
Geology and war. AAPG Bull., v. 26, p. 1832-1838, 
1942 

28. Price, Paul H. Geologists’ place in service. 
AAPG Bull., v. 30, p. 1115-1122, 1946 

29. Siegrist, Marie L. and Platt, Elizabeth T. 
Bibliography of military geology and geography; 
first supplement. GSA, 11 p., 1943 

30. Stewart, R. C., and Weiss, S. J. Trafficability 
of soil as related to mobility of vehicles. ASCE Proc., 
v. 79, sep. 328, 12 p., 1953 

31. Turnbull, W. J., and Connaughton, M. P. 
Trafficability of soils. Mil. Eng., v. 46, p. 23-27, 
1954 

32. U. S. Dept. of the Army. Geology and its 
military applications. Dept. of the Army Technical 
Manual, TM 5-545, 356 p., GPO, 1952 

33. USGS and Corps of Engineers. The military 
geology unit. GSA, 22 p., 1945 








1016 


34. USGS. Terrain studies in the United States, 
folio no. 1, Fort Knox and vicinity. Prepared for the 
Chief of Engineers, U. S. Army, 1946 

35. Wasmund, Erich. Wehrgeologie in ihrer 
Bedeutung fiir die Landesverteidigung. 103 p., 
Berlin, E. S. Mittler und Sohn, 1937 

36. Whitmore, Frank C., Jr. Sedimentary ma- 
terials in military geology. Applied Sedimentation, 
p. 635-655, John Wiley & Sons, 1950 

37. Whitmore, Frank C., Jr. Military geology. 
Mil. Eng., v. 46, no. 311, p. 212-215, 1954 

38. Wilser, J. Grundriss der angewandten 
Geologie. 172 p., Berlin, Gebr. Borntraeger, 1921 


Soits AND Sort MECHANICS 
General 


1. Boston Society of Civil Engineers. Contribu- 
tions to soil mechanics, 1925-1940. Boston Soc. Civ. 
Eng., 413 p., 1940. Idem, v. 2, 1941-1953, 410 p., 
1953 

2. Canadian Section, International Society of 
Soil Mechanics and Foundation Engineering. An- 
nual report of the Canadian Section of the Inter- 
national Society of Soil Mechanics and Foundation 
Engineering, (June 1950-June 1951). Canada, Nat. 
Res. Coun., Assoc. Comm. on Soil and Snow Mech., 
Soil Mech. Bull. 2, (Tech. Memo. 22), 21 p., 1952. 
Idem, June 1951-June 1952, Soil Mech. Bull. 4 
(Tech. Memo. 26), 20 p., 1952. Idem, June 1953- 
June 1954, Soil Mech. Bull. 5 (Tech. Memo. 32), 
24 p., 1954 

3. Canadian Soil Mechanics Conference. Pro- 
ceedings, fifth, January 10 and 11, 1952. Canada, 
Nat. Res. Coun., Assoc. Comm. on Soil and Snow 
Mech., Tech. Memo 23, 78 p., 1952. Idem, sixth, 
Winnipeg, December 15 and 16, 1952, Tech. Memo. 
27, 105 p., 1953. Idem, seventh, Tech. Memo. 33, 62 
p., 1954 

4. Grim, Ralph E. Application of mineralogy to 
soil mechanics. Il]. G. S., Rpt. Inv. 146, 21 p., 
1950 

5. International Conference on Soil Mechanics 
and Foundation Engineering. Proceedings. First, 3 
v., Graduate School of Engineering, Harvard Uni- 
versity, Cambridge, Mass., 1936. Second, 7 v., Gebr. 
Keesmaat, Harlem, The Netherlands, 1948. Third, 
3 v., Organizing Committee, ICOSOMEF, Gloria- 
strasse 39, Zurich 6, Switzerland, 1953 

6. Jenny, Hans. Factors of soil formation. 281 p., 
N. Y., McGraw-Hill, 1941 

7. Jenny, Hans. Origin of soils. Applied Sedi- 
mentation, p. 41-61, N. Y., John Wiley & Sons, 
1950 

8. Kaye, Clifford A. Principles of soil mechanics 





E 
t 
E 


ENGINEERING GEOLOGY REFERENCE LIST 


as viewed by a geologist. Applied Sedimentation, ; 
93-112, N. Y., John Wiley & Sons, 1950 

9. Lambe, T. William. The structure of inorgani 
soil. ASCE Proc., v. 79, sep. 315, 49 p., 1953 
Discussion, v. 80, sep. 401, p. 9-15; sep. 478, 1) 
19-22, 1954 

10. Merrill, George P. A treatise on rocks, Tock) 
weathering and soils. 400 p., N. Y., MacMillan Co} 
1906 

11. Puri, A. N. Soils, their physics and chemistry! 
550 p., N. Y., Reinhold Publishing Corp., 1949 

12. Soil Survey Division, Bureau of Chemistr 
and Soils, USDA. Soils of the United States, Soil 
and Men (Yearbook of Agriculture, 1938), p. 101% 
1161, USDA, 1938; also, Yearbook sep. 1665 

13. Terzaghi, Karl, and Peck, Ralph B. Sai 
mechanics in engineering practice. 566 p., N. Y. 
John Wiley & Sons, 1948 

14. Terzaghi, K. Origin and functions of soi 
mechanics. ASCE Trans., v. CT, p. 666-696, 1953 


Soil Classification 





15. ASTM. Symposium on the identification and 
classification of soils. ASTM Spec. Tech. Publ. 113 
91 p., 1951 

16. Bennett, Earl F., and McAlpin, George W. 
An engineering grouping of New York State soils) 
HRB Bull. 13, p. 55-65, 1945 

17. Casagrande, Arthur. Classification and identi 
fication of soils (with discussion). ASCE Trans., y 
113, p. 901-991, 1948 

18. Jenkins, D. S., Belcher, D. J., Gregg, L. E, 
and Woods, K. B. Airphoto identification of United 
States soils. U. S. Civil Aeronautics Administration, 
Tech. Development Rpt. 52, 202 p. (app. B, Air 
photos illustrating the origin, distribution, and air 
photo identification of United States soils, 60 p.), 
1946 

19. Kellogg, Charles E. Development and signifi 
cance of the great soil groups of the United States. 
Misc. Publ. 229, 40 p., USDA, 1936 

20. Marbut, C. F. Soils of the United States! 
Atlas of American Agriculture, pt. 3, 98 p., USDA, 
1935 (1936) 

21. USCE. Unified soil classification system 
WES Tech. Memo. 3-357, v. 1, 30 p; v. 2, app. A 
Characteristics of soil groups pertaining to embank- 
ments and foundations, 11 p.; v. 3, app. B, Charac 
teristics of soil groups pertaining to roads and air- 
fields, 9 p., 1953 





Exploration and Laboratory Methods 


22. HRB. Soil exploration and mapping. HRB 
Bull. 28, 121 p., 1950 


165 p 
tory Ma 

4. P 
compac 
method 
suitabili 
buildin 
351, 37: 

25. 1 
Denver 

26. 
and we 
1951. (f 

21. ( 
earth d 
405-42 
Publ. 4 

28. | 
Hinds, 
1% 


discuss 
1942 


Applies 
Wiley 


the Un 
1953 


geologi 
sion). . 


1952 





inorgani: 


P., 195i) — 


- 478, pf 


ks, rock 
illan Co, 


lemistry 
1949 
hemistr| 
es. Soilf 
p. 1019 
} 

B. Soil 
N.Y. 


of sai 


6, 1953 





ion and 
bl. 113; 


rge W. 
te soils| 


| identi: 
ans., 


L. E, 
United 
‘ration, 
B, Air- 
nd air- 
60 p.), 





signifi 
States! 
States! 
JSDA, 


ystem. 
pp. A, 
»bank- 
harac- 
id air: 


Bs 
a 


tation,» 


SOILS AND SOIL MECHANICS 


23, Lambe, T. William. Soil testing for engineers. 

165p., N. Y., John Wiley & Sons, 1951. (Labora- 
* tory Manual) 
24, Proctor, R. R. Fundamental principles of soil 
compaction; description of field and laboratory 
methods; field and laboratory verification of soil 
suitability; new principles applied to actual dam 
building. ENR v. 111, p. 245-248, 286-289, 348- 
351, 372-376, 1933 

25, USBR. Earth manual. USBR, 333 p., revised, 
Denver, 1952. ($3.25) 

26. USBR. Permeability tests using drill holes 
and wells. USBR, Geology Rpt. 97, 43 p., Denver, 
1951. ($1.55) 

27. Casagrande, Arthur. Notes on the design of 
earth dams. Boston Soc. Civ. Eng., Jour., v. 37, p. 
405-429, 1950; also, Harvard Univ., Dept. Eng., 
Publ. 487 (Soil Mech. Series no. 35), 1951 

28. Creager, William P., Justin, Joel D., and 
Hinds, Julian. Engineering for dams. 3 v., 929 p., 
N.Y., John Wiley & Sons, 1945 

29. Middlebrooks, T. A. Fort Peck slide (with 
discussion). ASCE Trans., v. 107, p. 723-764, 
1942 

30. Middlebrooks, Thomas A. Earth dams. 
Applied Sedimentation, p. 181-192, N. Y., John 
Wiley & Sons, 1950 

31. Middlebrooks, T. A. Earth-dam practice in 
the United States. ASCE Trans., v. CT, p. 697-722, 
1953 

32. Terzaghi, Charles (Karl). Effect of minor 
geologic details on the safety of dams (with discus- 
sion), AIME Tech. Publ. 215, p. 31-46, 1929 


Application to Foundations 


33. Caillére, S., and Kraut, F. Le réle de la 
minéralogie dans la construction des barrages. Le 
Génie Civil, v. 128, no. 18, p. 345-347, 1951 (The 
tole of mineralogy in the construction of dams. 
Translation no. 32, USGS, 1952) 

34, Casagrande, A., and Shannon, W. L. Strength 
of soils under dynamic loads (in Panama Canal—the 
sa level project: a symposium). ASCE Trans., v. 
114, p. 755-772, 1949 

35. Cummings, A. E. Lectures on foundation 
engineering. Univ. Illinois Bull., v. 47, no. 35 (Eng. 
Exp. Sta., Circ. Series no. 60), 142 p., 1949 

36. Dunham, Clarence W. Foundations of struc- 
tures. 679 p., N. Y., McGraw-Hill, 1950 (see p. 7-23 
and 51-89) 

37. Massachusetts Institute of Technology. Pro- 
ceedings of the conference on soil stabilization, June 
18-20, 1952. M. I. T., 311 p., Cambridge, Mass., 
1952 (address Dr. T. William Lambe) 

38. Peck, Ralph B., Hansen, Walter E., and 


1017 


Thornburn, Thomas H. Foundation engineering. 
410 p., N. Y., John Wiley & Sons, 1953 

39. Proctor, Carlton S. Foundation design for 
Trans-Bay bridge. Civ. Eng., v. 4, p. 617-621, 
1934 

40. Proctor, Carlton S. Constructing foundations 
of Trans-Bay bridge. Civ. Eng., v. 5, p. 91-95, 
1935 

41. Terzaghi, Charles (Karl). The science of 
foundations—its present and future (with discus- 
sion). ASCE Trans., v. 93, p. 270-405, 1929 

42. Terzaghi, Karl, et al. The influence of modern 
soil studies on the design and construction of 
foundations. Building Research Congress, Papers, 
div. 1, pt. 3, p. 139-145, 1951. Reprinted, Canada, 
Nat. Res. Coun., Assoc. Comm. on Soil and Snow 
Mech., Tech. Memo. 25, 1925 


Application to Roads and Runways 


43. Bollen, R. E. Characteristics and uses of 
loess in highway construction. Am. Jour. Sci., v. 243, 
p. 283-293, 1945 

44. D.S.I. R. Soil mechanics for road engineers. 
541 p., London, Her Majesty’s Stationery Office, 
1952 

45. Middlebrooks, T. A., and Bertram, G. E. 
Soil tests for design of runway pavements (with 
discussion). HRB Proc., v. 22, p. 144-184, 1942 

46. Ritter, L. J., and Paquette, R. J. Highway 
engineering. 721 p., N. Y., Ronald Press, 1951 (see 
p. 162-205) : 

47. Stewart, R. C., and Weiss, S. J. Trafficability 
of soil as related to mobility of vehicles. ASCE Proc., 
v. 79, sep. 328, 12 p., 1953 

48. Turnbull, W. J., and Connaughton, M. P. 
Trafficability of soils. Mil. Eng., v. 46, p. 23-27, 
1954 


Miscellaneous Applications 


49. Duley, F. L. Infiltration into loess soil. Am. 
Jour. Sci., v. 243, p. 278-282, 1945 

50. Johnson, George. The stabilization of soil by 
the silt injection method for preventing settlement 
of hydraulic structures and leakage from canals. 
ASCE Proc., v. 79, sep. 323, 18 p., 1953 

51. Kersten, Miles S. Thermal properties of soils. 
Univ. Minnesota, Eng. Exp. Sta., Bull. 28, 227 p., 
1949 

52. Kersten, Miles S. Thermal properties of soils. 
HRB Spec. Rpt. no. 2, p. 161-166, 1952 

53. Obruchev, Vladimir A. Loess types and their 
origin (with discussion). Am. Jour. Sci., v. 243, p. 
256-262, 1945 

54. Radforth, Norman W. Suggested classifica- 








1018 


tion of muskeg for the engineer. Eng. Jour. (Mont- 
real), v. 35, no. 11, p. 1-12, 1952. Reprinted, Canada, 
Nat. Res. Coun., Assoc. Comm. on Soil and Snow 
Mech., Tech. Memo. 24, 1952 

55. Radforth, Norman W. The use of plant ma- 
terial in the recognition of northern organic terrain 
characteristics. Royal Soc. Canada, Trans., v. 47, 
ser. 3, sec. 5, p. 53-71, 1953. Reprinted, Canada, 
Nat. Res. Coun., Assoc. Comm. on Soil and Snow 
Mech., Tech. Memo. 28, 1954 

56. Sowers, George F. Soil problems in the south- 
ern Piedmont region. ASCE Proc., v. 80, sep. 416, 
18 p., 1954 

57. Terzaghi, Karl. Mechanism of landslides. Ap- 
plication of Geology to Engineering Practice, p. 83- 
123, GSA, Berkey Volume, 1950. Reprinted, Harvard 
Univ., Dept. Eng., Publ. 488 (Soil Mech. Series no. 
36) 1951 


Bibliographies 


58. ASCE. Selected bibliography on soil me- 
chanics. ASCE, Manuals on Engineering Practice, 
no. 18, 58 p., 1940 (revision in process) 

59. Warnock, M. D. Bibliography on the loess, a 
bibliography on the loess as it applies to the loess of 
North America. USBR, Technical Library, Tech. 
Bibliography no. 207, 29 p., Denver, 1950. ($1.05) 


UNDERGROUND WATER 


1. AWWA. Water quality and _ treatment. 
AWWA, 451 p., 2nd ed., 1950 

2. AWWA, Water Works Practice Committee 
4A. Standard specifications for deep wells. Standard 
A-100-52, 51 p., AWWA, 1952 

3. Barksdale, Henry C. The contamination of 
ground-water by salt water near Parlin, New 
Jersey. AGU Trans. 1940, p. 471-474, 1940 

4. Baumann, Paul. Ground water movement con- 
trolled through spreading (with discussion). ASCE 
Trans., v. 117, p. 1024-1074, 1952 

5. Brashears, M. L., Jr. Artificial recharge of 
ground water on Long Island, New York. Econ. 
Geol., v. 41, p. 503-516, 1946 

6. Brown, John S. A study of coastal ground 
water, with special reference to Connecticut. 
USGS W-S Paper 537, 101 p., 1925 

7. Bryan, Kirk. Geology of reservoir and dam 
sites. USGS W-S Paper 597-A, p. 1-38, 1929 

8. Cary, Allen S. Origin and significance of open- 
work gravel (with discussion). ASCE Trans., v. 116, 
p. 1296-1318, 1951 

9. Cedarstrom, D. J., Johnston, P. M., and 
Subitzky, Seymour. Occurrence and development of 
ground water in permafrost regions. USGS Circ. 275, 
30 p., 1953 


ENGINEERING GEOLOGY REFERENCE LIST 





ii 


| 

10. Collins, W. D. Temperature of water ayaj 
able for industrial use in the United States, USGs 
W-S Paper 520-f, p. 97-104, 1925 

11. Collins, W. D., Lamar, W. L., and Lohr, , 
W. The industrial utility of public oe supplig 
in the United States, 1932. USGS W-S Paper 65 
135 p., 1934 

12. Crosby, Irving B. Engineering geology prob 
lems at Conchas Dam, N. Mex. (with discussion 
ASCE Trans., v. 105, p. 581-605, 1940 

13. Ferris, John G. Ground water. Chap. VII, p 
198-272, in Hydrology, by C. O. Wisler and E. F 
Brater, N. Y., John Wiley & Sons, 1949 

14. Ferris, John G. A quantitative method fo: 
determining ground water characteristics for drain. 
age design. Agric. Eng., v. 31, p. 285-289, 1950 

15. Fox, Cyril S. The geology of water supply 
209 p., London, The Technical Press, 1949 

16. Gilluly, James, and Grant, U. S. Subsidence 
in the Long Beach harbor area, California. GSA 
Bull., v. 60, p. 461-530, 1949 

17. Hubbert, M. King. The theory of ground- 
water motion. Jour. Geol., v. 48, p. 785-944, 1940 

18. Hvorslev, M. Juul. Time lag and soil permea- 
bility in ground-water observations. WES Bull. 36, 





50 p., 1951 


19. Jacob, C. E. On the flow of water in an elastic| 


artesian aquifer. AGU Trans. of 1940, pt. 2, p. 574 
586, 1940 

20. Meinzer, Oscar E. The occurrence of ground 
water in the United States, with a discussion of 
principles. USGS W-S Paper 489, 321 p., 1923 

21. Meinzer, Oscar E. Outline of ground-water 
hydrology, with definitions. USGS W-S Paper 494, 
71 p., 1923 

22. Meinzer, Oscar Edward. Compressibility and 
elasticity of artesian aquifers. Econ. Geol., v. 23, p. 
263-291, 1928 

23. Meinzer, Oscar Edward. Relation of ground- 
water conditions to leakage of reservoirs (with dis- 
cussion). AIME Tech. Publ. 215, p. 19-30, 1929 

24. Meinzer, Oscar E. Outline of methods for 
estimating ground-water supplies. USGS W-S Paper 
638-C, p. 99-144, 1932 


25. Meinzer, O. E. Movements of ground water. | 


AAPG Bull., v. 20, p. 704-725, 1936 

26. Meinzer, Oscar E. Occurrence, origin and dis- 
charge of ground water. Hydrology, p. 385-443, 
N. Y., McGraw-Hill, 1942; reprinted, Dover 
Publications, Inc., N. Y. 19, 1949 

27. Meinzer, Oscar E., and Wenzel, Leland K. 
Movement of ground water and its relation to head, 
permeability, and storage. Hydrology, p. 444-477, 
N. Y., McGraw-Hill, 1942; reprinted, Dover Publi- 
cations, Inc., N. Y., 19, 1949 

28. Meinzer, Oscar E. Geology and engineering 





in th 
Appli 
151-1 
29. 
Willig 
discu: 
1947 
30. 
Spreg 
Tech 
31 
fluids 
Hill, 
Edw: 
32 
the | 
31, p 
ce 
Meit 
repli 
33 
lowe 
51, 
3 
stop 
(no. 
3 
mas 
Ma: 
ASC 
3 
chai 
sion 
(19 


terr 


Hil 


pro 
Pa 





iter avail)” 
es. USGi” 


| Lohr, E 
r supplig 


aper 654) 


OBY prob. 
scussion 


>. VIL, p 
nd E. F 


thod for 
or drain. 
1950 


* supply, 


bsidence 
ia. GSA 


ground- 
, 1940 

permea- 
ull. 36, 


n elastic 
p. 574 


ground 
sion of 
3 
d-water 
er 494, 


ity and 
. 23, p. 


rround- 
ith dis- 
929 

ds for 
Paper 


water. 





nd dis- 
5-443, 
Dover 


nd K. 
head, 
1-477, 
Publi- 


eering 


UNDERGROUND WATER 


in the production and control of ground water. 
Application of Geology to Engineering Practice, p. 
151-179, GSA, Berkey Volume, 1950 

29, Middlebrooks, Thomas A., and _ Jervis, 
Wiliam H. Relief wells for dams and levees (with 
discussion). ASCE Trans., v. 112, p. 1321-1402, 
1947 

30. Mitchelson, A. T., and Muckel, Dean C. 
Spreading water for storage underground. USDA 
Tech. Bull. 578, 80 p., 1937 

31. Muskat, Morris. The flow of homogeneous 
fluids through porous media. 763 p., N. Y., McGraw- 
Hill, 1937; reprinted, Ann Arbor, Michigan, J. W. 
Edwards, 1946 

32. Paige, Sidney. Effect of a sea-level canal on 
the ground-water level in Florida. Econ. Geol., v. 
31, p. 537-570, 1936. Discussion, John S. Brown, v. 
32, p. 589-599, 1937; D. G. Thompson, O. E. 
Meinzer and V. T. Stringfield, v. 33, p. 87-107, 1938; 
reply by the author, v. 33, p. 647-665, 1938 

33. Rhoades, Roger. Artesian conditions in the 
lower Tennessee valley. Econ. Geol., v. 36, p. 490- 
511, 1941 

34. Rhodes, Aaron D. Puddled-clay cutoff walls 
stop sea-water infiltration. Civ. Eng., v. 21, p. 71-73 
(no. 2, p. 21-23), 1951 

35. Riegel, Ross M. (Chairman). Uplift in 
masonry dams; final report of the Committee on 
Masonry Dams of the Power Division, 1951. 
ASCE Trans., v. 117, p. 1218-1252, 1952 

36. Schmidt, L. A. Flowing water in underground 
channels, Hales Bar Dam, Tennessee (with discus- 
sion). ASCE Trans., v. 110, p. 965-1018, 1945 
(1946) 

37. Stearns, Harold T. Hydrology of volcanic 
terranes. Hydrology, p. 678-703, N. Y., McGraw- 
Hill, 1942; reprinted, Dover Publications, Inc., 
N.Y. 19, 1949 

38. Stearns, N. D. Laboratory tests on physical 
properties of water-bearing materials. USGS W-S 
Paper 596-f, p. 121-176, 1927 

39. Stiles, C. W., Crohurst, H. R., and Thomp- 
son, G. E. Experimental bacterial and chemical 
pollution of wells via ground water, and the factors 
involved, with a report on the geology and ground- 
water hydrology of the experimental area of the 
United States Public Health Service at Fort Cas- 
well, N. C., by N. D. Stearns. U. S. Pub. Health 
Service, Hygienic Lab., Bull. 147, 1927 

40. Swinnerton, Allyn C. Hydrology of limestone 
terranes. Hydrology, p. 656-677, N. Y., McGraw- 
Hill, 1942; reprinted, Dover Publications, Inc., 
N.Y. 19, 1949 

41. Terzaghi, Ch. (Karl). The origin of artesian 
pressure. Econ. Geol., v. 24, p. 94-100, 1929 

42. Theis, Charles V. The significance and nature 


1019 


of the cone of depression in ground water bodies. 
Econ. Geol., v. 33, p. 889-902, 1938 

43. Tolman, C. F. Ground water. 593 p., N. Y., 
McGraw-Hill, 1937 

44. Tolman, C. F., and Poland, J. F. Ground- 
water, salt-water infiltration, and ground-surface 
recession in Santa Clara valley, Santa Clara County, 
California (with discussion). AGU Trans. 1940, pt. 1, 
p. 23-35, 1940 

45. Turnbull, W. J., and Mansur, C. I. Relief 
well systems for dams and levees (with discussion). 
ASCE Trans., v. 119, p. 842-878, 1954 

46. USCE. Investigation of underseepage, lower 
Mississippi levees. WES Tech. Memo. 184-1, 70 p., 
1941 

47. Waring, Gerald A., and Meinzer, Oscar E. 
Bibliography and index of publications relating to 
ground water prepared by the Geological Survey and 
cooperating agencies. USGS W-S Paper 992, 412 p., 
1947 

48. Weber, A. H. Correction of reservoir leakage 
at Great Falls dam. ASCE Proc., v. 76, p. 101-118, 
1950; Trans., v. 116, p. 31-48, 1951 

49. Wenzel, L. K. Methods for determining 
permeability of water-bearing materials, with special 
reference to discharging-well methods, with a section 
on direct laboratory methods and bibliography on 
permeability and laminar flow by V. C. Fishel. 
USGS W-S Paper 887, 192 p., 1942 

50. Zangar, Carl N. Theory and problems of 
water percolation. USBR, Eng. Mon. 8, 76 p., 
1953 


LANDSLIDES AND RELATED FEATURES 


1. Alden, William C. Landslide and flood at Gros 
Ventre, Wyoming (with discussion). AIME Tech. 
Publ. 140, 14 p., 1928; also, Trans., v. 76, p. 347- 
361, 1928 

2. Atwood, Wallace W., and Mather, Kirtley F. 
Physiography and Quaternary geology of the San 
Juan Mountains, Colorado. USGS Prof. Paper 166, 
p. 147-165, 1932 

3. Baker, R. F. Analysis of corrective actions for 
highway landslides (with discussion). ASCE Trans., 
v. 119, p. 665-698, 1954 

4. Bendel, Ludwig. Ingenieurgeologie, ein Hand- 
buch fur Studium und Praxis, v. 2, 832 p., Wien, 
Springer-Verlag, 1948 

5. Benson, W. N. Landslides and their relation to 
engineering in the Dunedin District, New Zealand. 
Econ. Geol., v. 41, p. 328-347, 1946 

6. Binger, Wilson V. Analytical studies of 
Panama Canal slides. Int. Conf. Soil Mech. and 
Found. Eng., Second, Proc., v. 2, p. 54-60, 1948 

7. Binger, Wilson V., and Thompson, Thomas F. 








1020 


Excavation slopes (with discussion) im Panama 
Canal—the sea level project; a symposium. ASCE 
Trans., v. 114, p. 734-754, 809-811, 820-822, 831- 
834, 847-849, 852-853, 870-874, 898-903, 1949 

8. Cassel, F. L. Slips in fissured clay. Int. Conf. 
Soil Mech. and Found. Eng., Second, Proc., v. 2, 
p. 46-50, 1948 

9. Clark, T. H. Two recent landslides in Quebec. 
Royal Soc. Canada, Trans., Series 3, v. 41, sec. 4, 
p. 9-18, 1947 

10. Daly, Reginald A., Miller, W. G., and Rice, 
George S. Report of the commission appointed to 
investigate Turtle Mountain, Frank, Alberta. 
Canada G. S., Mem. 27, 34 p., 1912 

11. Forbes, Hyde. Landslide investigation and 
correction (with discussion). ASCE Trans., v. 112, 
p. 377-442, 1947 

12. Fukuoka, Masami. Landslides in Japan. 
Conf. Soil Mech. and Found. Eng., Third, Proc., 
v. 2, p. 234-238, 1953 

13. Heim, Albert. Bergsturz und Menschenleben. 
Naturforschung Gesellschaft Zurich, Vierteljahr- 
schrift 77, Beiblatt 20, 218 p., 1932. Reprinted, 
Fretz und Wasmuth, Zurich 

14. Hennes, R. G. Analysis and control of land- 
slides. Univ. Washington, Eng. Exp. Sta. Series, 
Bull. 91, 57 p., 1936 

15. Hill, Raymond A. Clay stratum dried out to 
prevent landslips. Civ. Eng., v. 4, p. 403-407, 
1934 

16. Holmsen, G., and Holmsen, P. Leirfall i Arene 
1940-1945 (Landslides during the years 1940-1945). 
Norges geologiske Undersokelse, no. 167, p. 5-71, 
1946 

17. Howe, Ernest. Landslides in the San Juan 
Mountains, Colorado, including a consideration of 
their causes and their classification. USGS Prof. 
Paper 67, 58 p., 1909 

18. Jakobson, Bernt. The landslide at Surte on 
the Gota River. Royal Swedish Geotechnical 
Institute, no. 5, 1952 

19. Kesseli, J. E. Disintegrating soil slips of the 
Coast Ranges of central California. Jour. Geol., v. 
51, p. 342-352, 1943 

20. Koppejan, A. W., Van Wamelan, B. M., and 
Weinberg, L. J. H. Coastal flow slides in the Dutch 
province of Zeeland. Int. Conf. Soil Mech. and 
Found. Eng., Second, Proc., v. 5, p. 89-96, 1948 

21. Krauskopf, K. B., Feitler, S., and Griggs, A. 
B. Structural features of a landslide near Gilroy, 
California. Jour. Geol., v. 47, p. 630-648, 1939 

22. Ladd, George Edgar. Landslides, subsidences 
and rock-falls. Am. Rwy. Eng. Assoc., Proc., v. 36, 
p. 1091-1162; Bull., v. 37, no. 377, 72 p.; 1935 

23. MacDonald, Donald F. Some engineering 
problems of the Panama Canal in their relation to 





ENGINEERING GEOLOGY REFERENCE LIST 


geology and topography. U. S. Bur. Mines, Bull, 86, | 
88 p., 1915 


24. MacDonald, Donald F. Panama Canal!” 
slides. The Panama Canal, Dept. of Operation and | > 
Maintenance, Special Engineering Division (Balbo |" 

| 


Heights, Canal Zone), 73 p., 1947 

25. Middlebrooks, T. A. Fort Peck slide (with| 
discussion). ASCE Trans., v. 107, p. 723-764, 1942 

26. Miller, William J. The landslide at Point 
Firmin, California. Sci. Monthly, v. 32, p. 464-469, 
1931 

27. Moos, Armin von, and Rutsch, Rolf F. Uber 
einen durch Gefugestorung Verursockten Seen. 
ferebruch (Gorzensee, Kt. Berne). Eclogae Geologi- 
cae Helvetia, v. 37, p. 385-394, 1944. (Zurich) 

28. Odenstad, Sten. The landslide at Skéttorp on 
the Lidan River. Royal Swedish Geotechnical 
Institute, Proc., no. 4, 1951 

29. Putnam, William C., and Sharp, Robert P. 
Landslides and earthflows near Ventura, southem 
Calif. Geogr. Rev., v. 30, p. 591-600, 1940 

30. Reiche, Parry. The Toreva-block—a distinc- 





tive landslide type. Jour. Geol., v. 45, p. 538-548, 
1937 

31. Root, A. W. California experience in cor- 
rection of landslides and slipouts. ASCE Proc., v. 
79, sep. 235, 18 p., 1953 

32. Rosenquist, I. Th. Considerations on the 
sensitivity of Norwegian quick-clays. Géotechnique, 
v. 3, p. 195-200, 1953 

33. Sharpe, C. F. Stewart. Landslides and related 
phenomena. 136 p., N. Y., Columbia Univ. Press, 
1938 

34. Skempton, A. W., and Golder, H. Q. Practical 
examples of the ¢ = 0 analysis of stability of clays. 


Int. Conf. Soil Mech. and Found. Eng., Second, | 


Proc., v. 2, p. 63-70, 1948 

35. Skempton, A. W. The rate of softening in stiff 
fissured clays, with special reference to London Clay. 
Int. Conf. Soil Mech. and Found. Eng., Second, 
Proc., v. 2, p. 50-53, 1948 

36. Skempton, A. W. and Northey, R. D. The 
sensitivity of clays. Géotechnique, v. 3, p. 30-53, 
1952 

37. Sweden Statens Jarnvagars Geotekniska 
Commission 1914-1922. Slutbetankande avgiven 
till Kungl., Jarnvagsstryelsen den 31 Maj 1922. 
Statens Jarnvagar Geoteknisks Meddelanden 2, 
Centraltryckeriet, Stockholm, 180 p., 1922. (English 
summary, p. 174-180) 

38. Taylor, Donald W. Stability of earth slopes. 
P. 406-476 in Fundamentals of Soi] Mechanics, 700 
p., N. Y., John Wiley & Sons, 1948 

39. Terzaghi, Karl. Mechanism of landslides. 
Application of Geology to Engineering Practice, p. 
83-123, GSA, Berkey Volume, 1950 


the ups 
GPO, 1 

43. \ 
of the 
Science 
Mem., 

4, | 
southw 

45, | 
mentar 
246, N. 

46, ' 
ing pro 
Proc., 

47, | 
slopes | 
197, 19 

48, | 
stabilit 
Canal. 
Second 


1. 
Prenti 


quake: 
Prenti 

4} 
288 p. 


Di 


5. ( 
of the 
ton U; 

6. | 
States 
clusiv 
Alask: 
1947 


Me 





Bull. 86, : | 


ry ics in engineering practice. 566 p., N. Y., 
, Canal tam" 


tion ani 


(Balbog 


le (with 


4, 1942 


t Point 
64-469, 


F. Uber 
} Seen- 
xeologi- 


a) 


torp on 
chnical 


bert P, 
yuthern 


Jistinc- 


8-548, 


in cor- 
0C., V. 


m the 
nique, 


elated 
Press, 


actical 
clays. 
cond, 


n stiff 
Clay. 
cond, 


. The 
10-53, 
niska 
given 
1922. 


an 2, 
iglish 


opes. 


a. 





EARTHQUAKES 


4), Terzaghi, Karl and Peck, Ralph B. Soil 


| John Wiley & Sons, 1948. See: Stability of slopes, 
>. 181-192, and, Earth pressure and stability of 
‘slopes, p- 312-406 
' 4, Tompkin, Jessie M., and Britt, Severine H. 
‘Landslides, a selected annotated bibliography. 
“HRB Bibliography no. 10, 53 p., 1951 

42, USCE. Report on the slides of a portion of 
the upstream face of the Fort Peck dam. 31 p., 
GPO, 1939 

43, Van Hise, Charles R., chairman, et al. Report 
of the committee of the National Academy of 
Sciences on Panama Canal slides. Nat. Acad. Sci., 
Mem,, v. 18, 135 p., 1924 

44, Varnes, Helen D. Landslide problems of 
southwestern Colorado. USGS Circ. 31, 13 p., 1949 

45, Varnes, D. J. Relation of landslides to sedi- 
mentary features. Applied Sedimentation, p. 229- 
246, N. Y., John Wiley & Sons, 1950 

46, Walker, Fred C., and Irwin, W. H. Engineer- 
ing problems in Columbia Basin varved clay. ASCE 
Proc., v. 80, sep. 515, 18 p., 1954 





, 700 © 


lides. 
e, p. 


a ae ell 


ie Aa 


Ne iss, 


47, Ward, William H. The stability of natural 
slopes (with discussion). Geogr. Jour., v. 105, p. 170- 
197, 1945 

48, Wolf, William H., and Holtz, W. G. Slope 
stability studies for the Delta-Mendota Intake 
Canal. Int. Conf. Soil Mech. and Found. Eng., 
Second, Proc., v. 3, p. 268-274, 1948 


EARTHQUAKES 


General Principles 


1. Byerly, Perry. Seismology. 256 p., N. Y., 
Prentice-Hall, 1942 

2. Leet, L. Don. Earth waves. 122 p., N. Y., 
John Wiley & Sons, 1950 

3, Leet, L. Don, and Judson, Sheldon. Earth- 
quakes. Chap. 13 in Physical Geology, N. Y., 
Prentice-Hall, Inc., 1954 

4. Macelwane, James B. When the earth quakes. 
28 p., Milwaukee, Bruce Publishing Co., 1947 


Distribution and Frequency of Occurrence 


5. Gutenberg, B., and Richter, C. F. Seismicity 
of the Earth, 1904-1946. 273 p., Princeton, Prince- 
ton Univ. Press, 1949 

6. Heck, N. H. Earthquake history of the United 

‘States, Part I—Continental United States (ex- 
clusive of California and western Nevada) and 
_ U. S. C&GS, serial no. 609, 85 p., revised, 

7 

7. Murphy, Leonard M., and Cloud, William K. 


1021 


United States earthquakes 1952. U. S. C&GS, serial 
no. 773, 112 p., 1954 (latest of an annual series) 

8. Wood, Harry O., and Heck, N. H. Earthquake 
history of the United States, Part II—Stronger 
earthquakes of California and western Nevada. U. S. 
C&GS, serial no. 609, 30 p., revised 1941 


Special Articles and Publications 


9. Carder, D. S., and Small, J. B. Level di- 
vergences, seismic activity, and reservoir loading in 
the Lake Mead area, Nevada and Arizona. AGU 
Trans., v. 29, p. 767-771, 1948 

10. Esmoil, E. E. Seismic stability of earth dams. 
USBR Tech. Memo. 641, 1951 

11. Freeman, John Ripley. Earthquake damage 
and earthquake insurance. 904 p., N. Y., McGraw- 
Hill, 1932 

12. Fuller, Myron L. The New Madrid earth- 
quake. USGS Bull. 494, 119 p., 1912 

13. Goodman, L. E., Rosenblueth, E., and New- 
mark, N. M. Aseismic design of elastic structures 
founded on firm ground. ASCE Proc., v. 79, sep. 
349, 27 p., 1953 

14, Heiland, C. A. Geophysical investigations 
concerning the seismic resistance of earth dams. 
AIME Tech. Publ. no. 1054 (Class L, Geophysical 
Methods of Exploration, no. 63), 28 p., 1939 

15. Holmes, Joseph A., Gilbert, G. H., Hum- 
phrey, Richard L., Sewell, John Stephen, and Soule, 
Frank. The San Francisco earthquake and fire of 
April 18, 1906, and.their effects on structures and 
structural materials. USGS Bull. 324, 170 p., 1907 

16. Housner, G. W. Intensity of ground motion 
during strong earthquakes. Cal. Inst. Technology, 
Earthquake Res. Lab., 2nd. Tech. Rpt., 60 p., 1952 

17. Housner, G. W., Martel, R. R., and Alford, 
J. L. Spectrum analysis of strong-motion earth- 
quakes. Seismol. Soc. Am., Bull., v. 43, p. 97-119, 
1953. Also, in more detail: Alford, Housner and 
Martel, idem, Calif. Inst. Technology, Earthquake 
Res. Lab., First Tech. Rpt., ONR Contract N6onr- 
244, Task Order 25, 1951 

18. Lawson, Andrew C., and others. The Cali- 
fornia earthquake of April 18, 1906. Report of the 
State Earthquake Investigation Commission, 
Carnegie Instn. Publ. 87, v. 1, 451 p., 1908 

19. Louderback, George D. Characteristics of 
active faults in the central Coast Ranges of Calli- 
fornia, with application to the safety of dams. 
Seismol. Soc. Am., Bull., v. 27, p. 1-27, 1937 

20. Louderback, George D. Faults and engineer- 
ing geology. Application of Geology to Engineering 
Practice, p. 125-150, GSA, Berkey Volume, 1950 

21. Morris, S. B., and Pearce, C. E. Design of 
gravity dam in San Gabriel Canyon to resist earth- 








1022 


quakes. Seismol. Soc. Am., Bull., v. 19, p. 143-155, 
1929 

22. Neumann, Frank. Earthquake investigation 
in the United States. U. S. C&GS Spec. Publ. 282, 40 
p., revised 1953 

23. Reid, Harry F. The California earthquake of 
April 18, 1906; the mechanics of the earthquake. Jn 
Report of the State Earthquake Investigation Com- 
mission, Carnegie Instn. Publ. no. 87, v. 2, 192 p., 
1910 

24. Rinne, John E., chairman, and Joint Com- 
mittee of San Francisco Section, ASCE, and Struc- 
tural Engineers Association of Northern California. 
Lateral forces of earthquake and wind (with discus- 
sion). ASCE Trans., v. 117, p. 716-780, 1952 

25. Scott, Harold W. The Montana earthquake of 
1935. Montana School of Mines, Memoir 16, 47 p., 
1936 

26. Tanabashi, Ryo; Kobori, Takuzi; and 
Kaneta, Kiyoshi. Vibration problems of skyscraper, 
destructive elements of seismic waves for structures. 
Disaster Prevention Research Institute, Bull. 7, 24 
p., Kyoto University, Kyoto, Japan, 1954 

27. U. S. Army, Far East Command. The Fukui 
earthquake, Hokuriku region, Japan, 28 June, 1948. 
2 v., Tokyo, Office of the Engineer, General Head- 
quarters, Far East Command, U.S. Army, 1949 

28. Westergaard, H. M. Water pressures on dams 
during earthquakes (with discussion). ASCE Trans., 
v. 98, p. 418-472, 1933 

29. Zangar, Carl N., and Haefeli, R. J. Electric 
analog indicates effect of horizontal earthquake 
shock on dams. Civ. Eng., v. 22, p. 278-279, 1952 

30. Zangar, C. N. Hydrodynamic pressures on 
dams due to horizontal earthquake effects. USBR 
Eng. Mon., no. 11, 15 p., 1952 


Symposium 


31. Earthquake Engineering Research Institute. 
Proceedings of the symposium on earthquake and 
blast effects on structures. Earthquake Engineering 
Research Institute, Dept. of Engineering, Uni- 
versity of California, Berkeley 4, California 


Bibliography 


32. Dominion Observatory, Canada. Bibliogra- 
phy of seismology. Canada, Dept. of Mines and 
Technical Surveys, Publications of the Dominion 
Observatory, Ottawa; issued semi-annually 


BLASTING VIBRATIONS 


1. Coombs, Howard A. Vibration studies at Ross 
Dam. Univ. Washington, Trend in Engineering at 


ENGINEERING GEOLOGY REFERENCE LIST 





the University of Washington, v. 1, no. 3, p, 5-] 
1949 

2. Crandell, F. J. Ground vibration due to blas 
ing and its effect upon structures. Boston Soc. (j 
Eng., Jour., v. 36, p. 222-245, 1949 

3. du Pont de Nemours & Co. Blasters handbox 
477 p., E. I. du Pont de Nemours & Co., Wilmingte 
98, Delaware, 1952 

4. Leet, L. Don. Vibration studies—blasting an 
rock bursts. Canadian Inst. Min. and Met., Tran: 
v. 54, p. 267-270, 1951 

5. Leet, L. Don. Blasting vibrations effect 
Explosives Engineer, v. 28, p. 176-178, 190; v. 
p. 12-16, 42-44, 1951 

6. Morris, G. Vibrations due to blasting and the: 
effects on building structures. The Engine 
(London), v. 190, p. 394-395, 414-418, 1950 

7. Neumann, Frank (with discussion by H. 4 
Coombs). Blasting vibration measurements ind 
cate no danger to green concrete in Ross Dam. Ci 
Eng., v. 17, p. 32-34, 1947 

8. Thoenen, J. R., and Windes, Stephen L. Eart 
vibrations caused by mine blasting, progress repor 
2. U. S. Bur. Mines, Rpt. Inv. 3407, 46 p., 1938. 

9. Thoenen, J. R., Windes, S. L., and Ireland 
Andrew T. House movement induced by mechanic 
agitation and quarry blasting, progress report 3 
U. S. Bur. Mines, Rpt. Inv. 3542, 36 p., 1940 

10. Thoenen, J. R., and Windes, S. L. Seismit 
effects of quarry blasting. U. S. Bur. Mines, Bull 
442, 83 p., 1942 


PERMAFROST 


(Numbers in parentheses indicate 
cross references) 


1. Alter, Amos J. Water supply in Alaska 
AWWA Jour., v. 42, p. 519-532, 1950. (6, 8, 11 
19, 26) 

2. Benninghoff, William S. Interaction of vegete: 
tion and soil frost phenomena. Arctic, v. 5, p. 34-44 
1952. (9, 11, 19, 26, 28, 29, 33, 34) 

3. Beskow, Gunnar. Soil freezing and frost heav: 
ing with special application to roads and railroads 
Swedish Geol. Soc., Ser. C, no. 375, 26th Yearbook, 
no. 3, 1935. Translated by J. O. Osterberg, with 
special supplement for the English translation 0! 
progress from 1935 to 1946; Northwestern Uni- 
versity, Tech. Inst., 145 p., 1947. (1, 10, 11, 13, 16 
19, 26, 31) 

4. Black, Robert F. Permafrost investigations 
at Point Spencer, Alaska. USGS Permafrost 
Program Progress Rpt. no. 2, 20 p., 1946. (6, 11, 15 
18, 19, 21, 26, 27, 29) 

5. Black, Robert F. Permafrost. Applied Sed 





mentat 
1950. 
Smiths 
6, 11, 
6. B 
frozen 
gestion 
p. 622- 
a 
frozen 
cussion 
18, 19) 
8. C 
Subitzl 
of grou 
215, 3 
9, F 
feature 
p. 223. 
10. | 
nently 
Jour. ( 
20, 31, 
i. | 
sinks i 
Alaska 
13, 18, 
12 | 
ing of 
Mines, 
11, 26, 
%5.. | 
Arctic, 
14, 
airfield 
HRB S 
permaf 
28, 29, 
15. 
region, 
21 p., 
19) 
16. 
design 
28-30; 
17, 
Works 
no. 7, | 
18, 
piping 
proble: 
tion of 
Trans, 
19, 
perma: 
proble: 


D. 5-1) 


0 blag 
oc. Ci; 


ndbook 
ningte: 


ing an 
Trans 


effect: 
sv. 4 


id the’ 
nginee 


H. A 
s ind 
n. Cir 


 Eart} 
Tepor 
938. 
reland 
ranica 
ort 3 
) 

eismit 
, Bull 


Jaska 
8, 11 


egeta- 
34-44 


heav- 
roads 
book; 
vith @ 
on of 


Uni 
3, 168 


_ 
ae 
frost 


1, 155 





Sedi- d 





PERMAFROST 


mentation, p. 247-275, N. Y., John Wiley & Sons, 
1990. (Reprinted, Smithsonian Rpt. for 1950, 
snithsonian Instn., Publ. 4042, p. 273-301, 1951). 

6, 11, 13, 18, 19, 21, 29, 33) 

6. Bryan, Kirk. Cryopedology—the study of 
frozen ground and intensive frost action, with sug- 
gstions on nomenclature. Am. Jour. Sci., v. 244, 
p, 622-642, 1946. (7, 18, 19) 

7. Bryan, Kirk, et al. The study of permanently 
frozen ground and intensive frost action (with dis- 
cussion). Mil. Eng., v. 40, p. 304-308, 1948. (6, 
18, 19) 

8. Cedarstrom, D. J., Johnston, P. M., and 
Subitzky, Seymour. Occurrence and development 
of ground water in permafrost regions. USGS Circ. 
215, 30 p., 1953. (1, 4, 19, 35) 

9, Frost, Robert E. Interpretation of permafrost 
features from airphotos. HRB Spec. Rpt. no. 2, 
p. 223-246, 1952. (2, 13, 26, 34, 35) 

10. Hardy, R. M., and D’Appolonia, E. Perma- 
nently frozen ground and foundation design. Eng. 
Jour. (Montreal), v. 29, p. 1-12, 1946. (3, 14, 16, 
20, 31, 32) 

11. Hopkins, David M. Thaw lakes and thaw 
sinks in the Imuruk Lake area, Seward Peninsula, 
Alaska. Jour. Geol., v. 57, p. 119-131, 1949. (2, 12, 
13, 18, 19, 21, 29) 

12. Janin, Charles. Recent progress in the thaw- 
ing of frozen gravel in placer mining. U. S. Bur. 
Mines, Tech. Paper 309, 34 p., 1922. (5, 12, 19, 
21, 26, 27) 

13. Jenness, John L. Permafrost in Canada. 
Arctic, v.. 2, p. 13-27, 1949. (19, 26) 

14. Johnson, A. W. Frost action in roads and 
airfields, a review of the literature, 1765-1951. 
HRB Spec. Rpt. no. 1, 287 p., 1952. See section on 
permafrost, p. 216-233. (1, 10, 11, 13, 16, 19, 26, 
38, 29, 30, 31) 

15. Leffingwell, Ernest de K. The Canning River 
region, northern Alaska. USGS Prof. Paper 109, 
Jil p., 1919. See section on ground ice, p. 179-243. 
19) 

16. Lewin, Joseph D. Essentials of foundation 
design in permafrost. Pub. Works, v. 79, no. 2, p. 
4-30; no. 3, p. 27-30, 1948. (3, 10, 14, 20, 31, 32) 

17, Lewin, Joseph D. Dams in permafrost. Pub. 
Works, v. 79, no. 5, p. 22-23, 32; no. 6, p. 33-34; 
no. 7, p. 57-58, 1948. (18) 

18. Lewin, Joseph D. Prevention of seepage and 
piping under dams built on permafrost, and related 
problems connected with the design and construc- 
tion of such dams. Congress on Large Dams, Third, 
Trans., v. 2, Rpt. 66, 23 p., Stockholm, 1948. (17) 

19. Muller, Siemon William. Permafrost or 
permanently frozen ground and related engineering 
problems. U. S. Army, Office of the Chief of Engi- 


1023 


neers, Strategic Eng. Study Spec. Rpt. 62, 136 p., 
1943. Reprinted, 231 p., Ann Arbor, J. W. Edwards, 
Tnc., 1947. (1, 2, 3, 14,13, 19; 21, 22,27, 28, 3; 31) 

20. Nees, L. A. Pile foundations for large towers 
on permafrost (with discussion). ASCE Trans., v. 
117, p. 935-947, 1952. (10, 16, 31, 32) 

21. Nikiforoff, Constantin. The perpetually 
frozen subsoil of Siberia. Soil Sci., v. 26, p. 61-78, 
1928. (19, 22, 30) 

22. Obruchev, V. A. Eternal frost: the frozen 
soil of northern Russia and Siberia. National Re- 
view (London), v. 124, p. 220-227, 1945. (19, 21, 30) 

23. Patty, Ernest N. Solar thawing increases 
profit from sub arctic placer gravels. Min. Eng., 
v. 190, p. 27-28, 1951. (11, 19, 26) 

24. Péwé, Troy L. Terrain and permafrost, 
Galena area, Alaska. USGS Permafrost Program 
Progress Rpt. no. 7, 52 p., 1948. (5, 11, 13, 14, 18, 
19, 21, 26, 27, 29) 

25. Purington, Chester Wells. Methods and costs 
of gravel and placer mining in Alaska. USGS Bull. 
263, 273 p., 1905. (5, 6, 11, 12, 19, 21, 26, 27) 

26. Raup, Hugh M., and Denny, Charles S. 
Photointerpretation of the terrain along the south- 
ern part of the Alaska highway. USGS Bull. 963-D, 
p. 95-135, 1950. (1, 11, 13, 18, 19, 21, 26, 28, 29) 

27. Ray, Louis L. Permafrost. Arctic, v. 4, p. 
196-203, 1951. (1, 11, 13, 18, 21, 26, 27) 

28. Sigafoos, R. S., and Hopkins, D. M. Soil in- 
stability on slopes in regions of perennially-frozen 
ground. HRB Spec. Rpt. no. 2, p. 176-192, 1952. 
(2, 14, 19, 26, 29, 32) 

29. Taber, Stephen. Perennially frozen ground 
in Alaska; its origin and history. GSA Bull., v. 54, 
p. 1433-1548, 1943. (1, 2, 19, 21, 23, 25, 27, 28, 33) 

30. Tchekotillo, A. (Translated by Gregory P. 
Tschebotarioff). Solving the problem of “nalyeds” 
in permafrost regions. ENR, v. 137, p. 724-727, 
1946. (14, 19, 21, 22) 

31. Terzaghi, Karl. Permafrost. Boston Soc. 
Civ. Eng., Jour., v. 39, p. 1-50, 1952. (also, Harvard 
Univ., Soil Mechanics Series no. 37). (3, 10, 14, 16, 
19, 20, 32) 

32. U. S. Dept. Army. Construction of runways, 
roads, and buildings on permanently frozen ground. 
Dept. of the Army, TB 5-255-3, 88 p., 1950. (10, 
16, 28, 31) 

33. Wallace, Robert E. Cave-in lakes in the 
Nabesna, Chisana, and Tanana River valleys, 
eastern Alaska. Jour. Geol., v. 56, p. 171-181, 1948. 
(2, 11, 18, 19) 

34. Washburn, A. L. Patterned ground. Revue 
Canadienne de Geographie, v. 4, p. 5-54, 1950. 
(2, 19, 21, 26) 

35. Wilson, Walter K., Jr. The permafrost in- 
vestigation in arctic and subarctic regions. Int. 








1024 


Conf. Soil Mech. and Found. Eng., Second, Proc., 
v. 1, p. 330-335, 1948. Also, “The problem of perma- 
frost,” Mil. Eng., v. 40, p. 162-164, 1948. (8, 9) 


EROSION 


1. Antevs, Ernst. Arroyo-cutting and _ filling. 
Jour. Geol., v. 60, p. 375-385, 1952 

2. Bailey, Reed W., Forsling, C. L., and Becraft, 
R. J. Floods and accelerated erosion in northern 
Utah. USDA Misc. Publ. 196, 21 p., 1934 

3. Bailey, Reed W. Epicycles of erosion in the 
valleys of the Colorado Plateau province. Jour. 
Geol., v. 43, p. 337-355, 1935 

4. Bates, C. G., and Zeasman, O. R. Soil ero- 
sion—a local and national problem. Univ. Wis- 
consin, Agric. Exp. Sta., Res. Bull. 99, 100 p., 1930 

5. Bennett, H. H., and Chapline, W. R. Soil 
erosion a national menace. USDA Circ. 33, 36 p., 
1928 

6. Bennett, Hugh Hammond. Soil conservation. 
993 p., N. Y., McGraw-Hill, 1939 

7. Borst, Harold L., McCall, A. G., and Bell, 
F. G. Investigations in erosion control and the 
reclamation of eroded land at the Northwest Ap- 
palachian Conservation Experiment Station, Zanes- 
ville, Ohio, 1934-42. USDA Tech. Bull. 888, 95 p., 
1945 

8. Brown, Carl B. Erosion control on watershed 
lands. AWWA Jour., v. 38, p. 1127-1137, 1946 

9. Brown, Carl B. Effects of soil conservation. 
Applied Sedimentation, p. 380-406, N. Y., John 
Wiley & Sons, 1950 

10. Browning, G. M., Norton, R. A., McCall, 
A. G., and Bell, F. G. Investigations in erosion con- 
trol and the reclamation of eroded land at the Mis- 
souri Valley Loess Conservation Experiment Sta- 
tion, Clarinda, Iowa, 1931-42. USDA Tech. Bull. 
959, 88 p., 1948 

11. Brune, Gunnar. Gully stabilization structures 
check erosion in western Iowa. Civ. Eng., v. 23, 
p. 590-591, 1953 

12. Bryan, Kirk. Date of channel trenching 
(arroyo cutting) in the arid Southwest. Science, 
new series, v. 62, p. 338-344, 1925 

13. Bryan, Kirk. Historic evidence on changes in 
the channel of the Rio Puerco, a tributary of the 
Rio Grande in New Mexico. Jour. Geol., v. 36, p. 
265-282, 1928 

14. Copley, T. L., Forrest, Luke A., McCall, 
A. G., and Bell, F. G. Investigations in erosion 
control and reclamation of eroded land at the 
Central Piedmont Conservation Experiment Sta- 
tion, Statesville, N. C., 1930-40. USDA Tech. Bull. 
873, 66 p., 1944 

15. Daniel, Harley A., Elwell, Harry M., and 


ENGINEERING GEOLOGY REFERENCE LIST 





Cox, Maurice B. Investigations in erosion control f 


and reclamation of eroded land at the Red Plains 
Conservation Experiment Station, Guthrie, Okla, 
1930-40. USDA Tech. Bull. 837, 94 p., 1943 j 

16. Eaton, E. Courtlandt. Flood and erosion 
control problems and their solution (with discus. 
sion). ASCE Trans., v. 101, p. 1302-1362, 1936 

17. Edminster, Frank C., Atkinson, Walter S, 
and McIntyre, Arthur C. Streambank erosion con- 
trol on the Winooski River, Vermont. USDA Cire. 
837, 54 p., 1949 

18. Glenn, Leonidas Chalmers. Denudation and 
erosion in the southern Appalachian region and the 
Monongahela Basin. USGS Prof. Paper 72, 137 p., 
1911 

19. Grant, Burton S. (Chairman, Task Group 
E 3.A). Erosion control in reservoir areas. AWWA 
Jour., v. 45, p. 790-796, 1953 

20. Griswold, Daniel H. Applications of geology 
in soil conservation (with discussion). Colo. Sch. 
Mines Quart., v. 45, no. 1B, p. 107-121, 1950 

21. Hays, O. E., McCall, A. G., and Bell, F. G. 
Investigations in erosion control and the reclama- 
tion of eroded land at the Upper Mississippi Valley 
Conservation Experiment Station, near LaCrosse, 
Wis., 1933-43. USDA Tech. Bull. 973, 87 p., 1949 

22. Hill, H. O., Peevy, W. J., McCall, A. G,, 
and Bell, F. G. Investigations in erosion control 
and reclamation of eroded land at the Blackland 
Conservation Experiment Station, Temple, Ter., 
1931-41. USDA Tech. Bull. 859, 109 p., 1944 

23. Horner, Glenn M., McCall, A. G., and Bell, 
F. G. Investigations in erosion control and reclama- 
tion of eroded land at the Palouse Conservation 
Experiment Station, Pullman, Wash., 1931-42. 
USDA Tech. Bull. 860, 83 p., 1944 

24. Ireland, H. A., Sharpe, C. F. S., and Eargle, 
D. H. Principles of gully erosion in the Piedmont 
of South Carolina. USDA Tech. Bull. 633, 142 p., 
1939 

25. Kerr, Richard C., and Nigra, John O. Eolian 
sand control. AAPG Bull., v. 36, p. 1541-1573, 
1952 

26. Lowdermilk, W. C. Acceleration of erosion 
above geologic norms. AGU Trans. 15th Ann. Mtg., 
p. 505-509, 1934 

27. McLaughlin, Thad G. Accelerated channel 


9, Pe 


owestern 
434,N.' 

531. Pe 
McCall, 
erosion 
clay lan 
the Cons 
1931-40. 

32. St 
W,, Mel 
in erosio 
and rela 
Station, 
Bull. 88: 

33. T 
Stewart, 
erosion | 
special r 
Arizona. 

34. W 
raphy 0 
Paper 7$ 


1, Ad 
Galena 
p. 275-2 

2. Ba 
and des 
Co, Ltd 

3, Bel 
its use i 
491, 46 } 

4. Bri 
USDA] 

5. Br 
in soutk 
SCS-TP 

6. Br 
voir sed 
drainage 
Op, 16 

1. Br 
duction 
Publ. Si 

8. Ea 





erosion in the Cimarron Valley in southwestern 
Kansas. Jour. Geol., v. 55, p. 76-93, 1947 

28. Meginnis, H. G. Effect of cover on surface 
run-off and erosion in the loessial uplands of Mis- | 
sissippi. USDA Circ. 347, 15 p., 1935 


29. Musgrave, G. W. The quantitative evalua- 7 
tion of factors in water erosion—a first approxima- 7 


tion. Jour. Soil and Water Cons., v. 2, p. 133-138, 
170, 1947 


‘Siting « 
+ 1939 

> 9. Ei 
| of sedin 
Dp. 62-7 
) 10.5 
j for sedi: 
S USDA 





control 
Plains 
Okla, 


13 
erosion 
discus. 
1936 
Iter S., 
ON con- 
A Circ, 


on and 
nd the 
137 p., 


Group 
\WWA 


ology 
». Sch. 
50 
F. G. 
clama- 
Valley 
Crosse, 
, 1949 
A. G, 
ontrol 
ckland 
Tex., 
O44 
1 Bell, 
clama- 
vation 
31-42. 


bargle, 
dmont 


42 p., 


Eolian 
-1573, 


rosion 


Mtg. 
"ution in midwestern United States. SCS Tech. 
' Publ. SCS-TP-65, 40 p., Milwaukee, 1950 


astern _ 8 Eakin, Henry M. (revised by Carl B. Brown), 


"Siting of reservoirs. USDA Tech. Bull. 524, 168 p., 


annel 


urface | 
+ Mis- | 


SEDIMENTATION 


4, Peterson, H. V. The problem of gullying in 
wwestem valleys. Applied Sedimentation, p. 407- 
\N.Y., John Wiley & Sons, 1950 
41. Pope, J. B., Archer, James C., Johnson, P. R., 
‘McCall, A. G., and Bell, F. G. Investigations in 
erosion control and reclamation of eroded sandy 
‘clay lands of Texas, Arkansas, and Louisiana, at 
' the Conservation Experiment Station, Tyler, Texas, 
1931-40. USDA Tech. Bull. 916, 76 p., 1946 

32. Smith, D. D., Whitt, D. M., Zingg, Austin 
W,, McCall, A. G., and Bell, F. G. Investigations 
in erosion control and reclamation of eroded Shelby 
‘and related soils at the Conservation Experiment 
Station, Bethany, Mo., 1930-42. USDA Tech. 


“Bull. 83, 175 p., 1945 


33, Thornthwaite, C. Warren, Sharpe, C. F. 
Stewart, and Dosch, Earl F. Climate and accelerated 
erosion in the arid and semi-arid Southwest, with 
special reference to the Polacca Wash drainage basin, 
Ariona. USDA Tech. Bull. 808, 134 p., 1942 

34. Williams, Gordon R., et al. Selected bibliog- 
raphy on erosion and silt movement. USGS W-S 
‘Paper 797, 91 p., 1937 


SEDIMENTATION 


1, Adams, Clifford. Mine waste as a source of 
Galena River bed sediment. Jour. Geol., v. 52, 
p. 275-282, 1944 

2, Bagnold, R. A. The physics of blown sand 
and desert dunes. 265 p., London, Methuen and 
Co, Ltd., 1941 

3, Bell, Hugh S. Stratified flow in reservoirs and 
its use in prevention of silting. USDA Misc. Publ. 
491, 46 p., 1942 

4. Brown, Carl B. The control of reservoir silting. 
USDA Misc. Publ. 521, 166 p., 1943 (rev. 1944) 

5. Brown, Carl B. Rates of sediment production 
in southwestern United States. SCS Tech. Publ. 
SCS-TP-58, 40 p., 1945 

6. Brown, Carl B., and Thorp, Eldon M. Reser- 
vor sedimentation in the Sacramento-San Joaquin 
dninage basins, California. SCS, Spec. Rpt. 10, 


 @p,, 1947 


7. Brune, Gunnar M. Rates of sediment pro- 


1939 
9. Einstein, H. A., and Johnson, J. W. The laws 
of sediment transportation. Applied Sedimentation, 


»?.62-71, John Wiley & Sons, N. Y., 1950 


10. Einstein, Hans Albert. The bed-load function 
fot sediment transportation in open channel flows. 
USDA Tech. Bull. 1026, 71 p., 1950 








1025 


11. Fisk, Harold N. Geologic investigation of the 
alluvial valley of the lower Mississippi River. Miss. 
River Comm., 79 p., 1944 

12. Fisk, H. N., McFarlan, E., Jr., Kolb, C. R., 
and Wilbert, L. J., Jr. Sedimentary framework of 
the modern Mississippi delta. Jour. Sed. Pet., v. 
24, p. 76-99, 1954 

13. Gilbert, Grove Karl. The transportation of 
débris by running water. USGS Prof. Paper 86, 
263 p., 1914 

14. Gilbert, Grove Karl. Hydraulic-mining 
débris in the Sierra Nevada. USGS Prof. Paper 105, 
154 p., 1917 

15. Gould, Howard R. Some quantitative as- 
pects of Lake Mead turbidity currents. Soc. Econ. 
Paleon. and Mineral., Spec. Publ. 2, p. 34-52, 1951 

16. Gottschalk, L. C., and Brune, Gunnar M. 
Sediment design criteria for the Missouri Basin 
loess hills. SCS, 21 p., Milwaukee, Wis., 1950 

17. Gottschalk, L. C. Measurement of sedimen- 
tation in small reservoirs (with discussion). ASCE 
Trans., v. CT, p. 59-71, 1951 

18. Grover, Nathan C., and Howard, Charles S. 
The passage of turbid water through Lake Mead 
(with discussion). ASCE Trans., v. 103, p. 720- 
790, 1938 

19. Hains, C. F., Van Sickle, D. M., and Peter- 
son, H. V. Sedimentation rates in small reservoirs 
in the Little Colorado River basin. USGS W-S 
Paper 1110-D, p. 129-155, 1952 

20. Handin, J. W. The source, transportation, 
and deposition of beach sediment in southern Cali- 
fornia. BEB Tech. Memo. 22, 113 p., 1951 

21. Happ, Stafford C., Rittenhouse, Gordon, 
and Dobson, G. C. Some principles of accelerated 
stream and valley sedimentation. USDA Tech. 
Bull. 695, 134 p., 1940 

22. Happ, Stafford C. Effect of sedimentation 
on floods in the Kickapoo Valley, Wisconsin. Jour. 
Geol., v. 52, p. 53-68, 1944 

23. Happ, Stafford C. Sedimentation in the 
Middle Rio Grande Valley, New Mexico. GSA 
Bull., v. 59, p. 1191-1215, 1948 

24. Hatch, F. H., Rastall, R. H., and Black, M. 
The petrology of the sedimentary rocks. 383 p., 
London, George Allin and Unwin, 3rd ed., 1938 

25. Jahns, Richard H. Geologic features of the 
Connecticut Valley, Massachusetts, as related to 
recent floods. USGS W-S Paper 996, 158 p., 1947. 
(see p. 74-126) 

26. Johnson, Douglas Wilson. Shore processes 
and shoreline development. 584 p., N. Y., John 
Wiley & Sons, 1919 

27. Krumbein, W. C., and Pettijohn, F. J. 
Manual of sedimentary petrography. 549 p., N. Y., 
D. Appleton-Century Co., 1938 








1026 


28. Kuenen, Ph. H. Marine geology. 568 p., 
N. Y., John Wiley & Sons, 1950. (see p. 210-413) 

29. LeRoy, L. W., and Crain, Harry M. (com- 
piler and editor). Subsurface geologic methods (a 
symposium). Colo. Sch. Mines Quart., v. 44, no. 3, 
826 p., 1949. 2nd ed., revised, compiled and edited 
by L. W. LeRoy, 1166 p., 1950 

30. Mansfield, G. R. Flood deposits of the Ohio 
River, January-February 1937. USGS W-S Paper 
838, p. 693-736, 1938 

31. Nelson, Martin E., and Benedict, Paul C. 
Measurement and analysis of suspended sediment 
loads in streams. ASCE Proc., v. 76, sep. 31, 28 p., 
1950; Trans., v. 116, p. 891-918, 1951 

32. Pettijohn, F. J. Sedimentary rocks. 526 p., 
N. Y., Harper and Bros., 1949 

33. Rittenhouse, Gordon. Transportation and 
deposition of heavy minerals. GSA Bull., v. 54, 
p. 1725-1780, 1943 

34. Rittenhouse, Gordon. Sources of modern 
sands in the Middle Rio Grande Valley. Jour. Geol., 
v. 52, p. 145-183, 1944 

35. Rubey, William W. The force required to 
move particles on a stream bed. USGS Prof. Paper 
189-E, p. 121-141, 1938 

36. Russell, Richard Joel, et al. Lower Missis- 
sippi River delta. Louisiana G. S., Geol. Bull. 8, 
454 p., 1936 

37. Russell, Richard J. Quaternary history of 
Louisiana. GSA Bull., v. 51, p. 1199-1233, 1940 

38. Seavy, Louis M. Sedimentation surveys of 
Elephant Butte Reservoir, Rio Grande project, 
New Mexico-Texas. USBR, Denver, 36 p., 1949 

39. Shepard, Francis P. Submarine geology. 
348 p., N. Y., Harper and Bros., 1948 (see p. 80- 
156) 

40. Shepard, Francis P. Sedimentation rates in 
Texas estuaries and lagoons. AAPG Bull., v. 37, 
p. 1919-1934, 1953 (reprinted, Scripps Instn. 
Oceanography, new series no. 642) 

41. Stevens, J. C. The silt problem (with discus- 
sion). ASCE Trans., v. 101, p. 207-288, 1936 

42. Stevens, J. C. Future of Lake Mead and 
Elephant Butte Reservoir (with discussion). ASCE 
Trans., v. 111, p. 1231-1342, 1946 

43. Straub, Lorenz. Silt investigations in the 
Missouri Basin. 73rd Cong., 2nd Sess., House Doc. 
238, Appendix XV, p. 1032-1245, 1935 

44. Sverdrup, H. U., Johnson, Martin W., and 
Fleming, Richard H. The oceans, their physics, 
chemistry and general biology. 1087 p., N. Y., 
Prentice-Hall, Inc., 1942. (see p. 946-1049) 

45. Trask, Parker D. (editor). Recent marine 
sediments. 736 p., Tulsa, AAPG, 1939 

46. Trask, Parker D. (editor). Applied sedi- 


ENGINEERING GEOLOGY REFERENCE LIST 





mentation, a symposium. 707 p., N. Y., John Wik 
& Sons, 1950 

47. Twenhofel, William H. (editor). Treatise g 
sedimentation. 926 p., Baltimore, Williams an 
Wilkins Co., 2nd edition, 1932 

48. USCE. Studies of river bed materials ay 
their movement, with special reference to the loweh 
Mississippi River. WES Paper 17, 2nd series, 1 
p., 1935 

49. USCE. Study of materials in suspensic: 
Mississippi River. WES Tech. Memo. 122-1, 22) 
1939 

50. USCE. Study of materials in transpor 
passes of the Mississippi River. WES Tech. Mem 
158-1, 36 p., 1939 

51. U. S. Federal Inter-Agency River Basi 
Committee, Subcommittee on Sedimentation. Pr 
ceedings of the Federal Inter-Agency sedimentatio: 
conference, Denver, May 6-8, 1947. USBR 
Washington, D. C., 314 p., 1948 

52. U. S. Soil Conservation Service. Annotate 
bibliography on sedimentation. Federal Inte 
Agency River Basin Committee and SCS, Sedimer 
tation Bull. 2, 351 p., 1950 

53. Vanoni, Vito A. Transportation of suspende 
sediment by water (with discussion). ASCE Trans 
v. 111, p. 67-133, 1946 

54. Vetter, C. P. Silt problems on the Colorad 
River. Cong. on Large Dams, Third, Trans., v. | 
Communication 7, 28 p., 1948 

55. Witzig, Berard j. Sedimentation in reservoir 
(with discussion). ASCE Trans., v. 109, p. 1047 
1106, 1944 (1945) 


DRILLING AND SAMPLING 


1. Anonymous. Jet-piercing method applied t 
quarrying aggregate. Civ. Eng., v. 23, p. 609, 1953 
2. Bishop, A. W. A new sampling tool for use i 
cohensionless sands below ground water levd 
Géotechnique, v. 1, p. 125-131, 1948 
3. Bowman, Isaiah. Well-drilling method 
USGS W-S Paper 257, 139 p., 1911 
4, Burwell, E. B., Jr., and Nesbitt, R. H. Tk 
bore hole camera. Systems, v. 18, no. 3, p. 12-13 
1954. (Systems Magazine, 315 Fourth Ave., N. Y 
10, N. Y.) 
5. Creager, William P., Justin, Joel D., am 
Hinds, Julian. Engineering for dams. 3 v., Job 
Wiley & Sons, N. Y., 1945 (see v. 1, p. 1-39) 
6. Cumming, James D. Diamond drill handbook} 
501 p., J. K. Smit & Sons of Canada, 129 Adelaid 
St. West, Toronto, 1951 a 
7. Diamond Core Drill Manufacturers Assoc” 
ation. Standards. Bull. no. 1, Diamond Core Dry 
Manufacturers Association, 122 East 42nd St) 
N. Y., 1951 





§, D 


water 


purific 
ed, 19. 
9, E 
ENR, | 
10. | 
nigues 
Eng, 
il. 
for tut 
p. 814 
12. 
ing for 
v. 163, 
13, 
and sa 
WES, 
ing Fo 
14. 
Found 
McGr 
plorat 
15. 
pling 
Eng., 
16. 
N.Y,, 
Soil sa 
17, 
650 p. 
Prelin 
18, 
diamo 
in gn 
1950 
19, 
diame 
US. 
20. 
orient 
hard 
Rot. 
ai. 
diame 
bort 
Mine 
22. 
drilli 


4 
Corp 








ohn Wile 


§, Dumbleton, J. E. Wells and bore holes for 
water supply, with notes on water analysis and 
purification. 142 p., Technical Press, London, 2nd 
ed, 1953 

, | 09, ENR. Borehole camera aids foundation work. 
crials ani exp, v. 148, p. 90, 1952 

ter lowe {0, Fahlquist, F. E. New methods and tech- 
ne, + niques in subsurface explorations. Boston Soc. Civ. 
Eng, Jour., v. 28, p. 144-160, 1941 

{1. Fluhr, Thomas W. Subsurface explorations 
for tunnels. Delaware Water Supply News, v. 16, 
p. 814-816, 820, 1954 

12. Forbes, J. McLaren. Practical diamond drill- 
ing for the geologist and engineer. AIME Trans., 
y. 163, p. 511-520, 1946 

13. Hvorslev, M. Juul. Subsurface exploration 
- and sampling of soils for civil engineering purposes. 
WES, 465 p., 1948. (Available from: The Engineer- 
ing Foundation, 29 W. 39th St., New York 18, N. Y. 

14. Jacoby, Henry S., and Davis, Roland P. 
Foundations of bridges and buildings. 535 p., N. Y., 
' McGraw-Hill, 3rd ed., 1941. (see p. 1-36, Soil ex- 
ploration and bearing capacity) 

15, Johnson, H. L. Improved sampler and sam- 
pling technique for cohesionless materials. Civ. 
Eng, v. 10, p. 346-348, 1940 

16. Krynine, Dimitri P. Soil mechanics. 511 p., 
N.Y., McGraw-Hill, 2nd ed., 1947 (see p. 438-471, 
Soil sampling and field soil testing) 

17, Legget, Robert F. Geology and engineering. 

650 p., N. Y., McGraw-Hill, 1939 (see p. 85-114, 

Preliminary and exploratory work) 

18. Long, Albert E. Effects of core recovery, 
diamond size, and quality on cost of core drilling 
in gneiss. U. S. Bur. Mines, Rpt. Inv. 4628, 11 p., 

pplied tif 1950 

09, 1953 19. Long, Albert E. Diamond orientation in 
for use if, diamond bits; procedures and preliminary results. 

er levéf U.S. Bur. Mines., Rpt. Inv. 4800, 16 p., 1951 

20. Long, Albert E., and Slawson, C. B. Diamond 

method orientation in diamond bits; a method of identifying 

' hard vectors for setting purposes. U. S. Bur. Mines, 
. H. Thh Rot. Inv. 4853, 7 p., 1952 

p. 12-1if} 21. Long, Albert E. Diamond orientation in 

e., N. Yp diamond bits; 3, effects of orienting high-grade dri! 

_ bot in diamond-coring bit crowns. U. S. Bur. 

if) Mines, Rpt. Inv. 5015, 13 p., 1954 

| 2. Longyear Co., E. J. Bibliography of diamond 

) driling. 52 p., 1948; supplement no. 1, 6 p., 1949; 

of} E. J. Longyear Co., Foshay Tower, Minneapolis 
©) 2, Minn. 

3, Lynn, A. W., and Rhoades, Roger F. Founda- 

| tion exploration at Kentucky Dam. ENR, v. 125, 

~ P.480-483, 1940 
‘) 4 Melvin, John H. Practice of Omaha District, 
' Comps of Engineers, War Department, in recover- 


‘Treatise q 
liams ay; 


uspensio: 
2-1, 22) 


transpor: 
h. Mem: 


rer Basi 
tion. Pro 
mentatio 

USBR 


Annotate! 
al Inte 
Sedimer 


suspende! | 
‘E Trans 


Colorad 
ans., v. | 


reservoir 
p. 1047. 








oT oan 


DRILLING AND SAMPLING 1027 


ing cores between two and ten inches in diameter. 
AIME Tech. Publ. 2295 in Mining Technology, 
1948; Trans., v. 181, p. 30-32, 1949 

25. Mohr, H. A. Exploration of soil conditions 
and sampling operations. Harvard Univ., Graduate 
School of Engineering, Bull. 376, (Soil Mechanics 
Series no. 21), 63 p., 1943 

26. Moneymaker, Berlen C., and Fox, Portland 
P. Large-diameter core drill for geologic explora- 
tion. AIME Tech. Publ. 1000, 12 p., 1938 

27. Obert, Leonard, Agnew, Wing G., Gabriel, 
Alton, Chayes, Felix, and Long, Albert. Diamond 
drilling and diamond bit investigation, part 1, 
drilling tests in uniform granite. U. S. Bur. Mines, 
Rpt. Inv. 4041, 18 p., 1947. Ibid., part 2, tests on 
cast-set coring bits. U. S. Bur. Mines, Rpt. Inv. 
4233, 12 p., 1948 

28. Peele, Robert, et al. Mining engineers hand- 
book. 2 v., N. Y., John Wiley & Sons, 3rd ed., 1941 
(see v. 1, sec. 9, p. 01-71, Boring) 

29. Prouty, Roswell W. Formation sampling 
with large-diameter drill holes at Fort Randall 
dam site, South Dakota. U. S. Bur. Mines, Inf. 
Circ. 7508, 20 p., 1949 

30. Roberts, George D. Some desirable improve- 
ments in core barrels. AIME Tech. Publ. 2275, 
7 p., in Mining Technology, 1947; Trans., v. 181, 
p. 23-29, 1949 

31. Taylor, K. V., Morris, C. T., and Burkey, 
J. R. The predetermination of piling requirements 
for bridge foundations. Ohio State Univ., Eng. Exp. 
Sta., Bull. 90, 41 p.,-1935 

32. Sprague & Henwood, Inc. Soil sampling 
equipment. Bull. 75-A, Sprague & Henwood, Inc., 
Scranton, Pa., 1950 

33. Terzaghi, Karl, and Peck, Ralph B. Soil 
mechanics in engineering practice. 566 p., N. Y., 
John Wiley & Sons, 1948 (see p. 255-311) 

34. Thoenen, J. R. A résumé of Bureau of Mines 
experience with oversize core barrels. AIME Trans., 
v. 168, p. 518-526, 1948 (TP 2385, im Mining Tech- 
nology) 

35. USBR. Exploration and technical investiga- 
tions. Reclamation Manual, v. X-4, pt. 4, USBR, 
Denver, Colorado 

36. U. S. Bureau of Standards. Diamond core 
drill fittings. Commercial Standard CS-17-47, 18 p., 
Bureau of Standards, U. S. Dept. Commerce, 1947 

37. USCE. Undisturbed sand sampling below 
the water table. WES Bull. 35, 19 p., 1950 


GROUTING 


1. Cooper, James H., and Fluhr, Thomas W. 
Downsville Dam waste weir foundation grouting. 
Delaware Water Supply News, v. 13, no. 151, p. 
737-741, 1951 








1028 


2. Cooper, James H., and Fluhr, Thomas W. 
Downsville Dam waste weir cut-off wall grouting. 
Delaware Water Supply News, v. 15, no. 157, p. 
781-785, 1953 

3. Hays, James B., and Schmidt, L. A., Jr. Un- 
usual cutoff problems—dams of the Tennessee 
Valley Authority: a symposium (with discussion). 
ASCE Trans., v. 110, p. 947-1018, 1945 (1946) 

4, Hays, James B. Gunite blanket improves 
foundation grouting for earth dams. Civ. Eng., 
v. 23, p. 246-247, 1953 

5. King, John C., and Anderson, John R. Intru- 
sion grouting seals porous coral rock for Vedado 
cofferdam. Civ. Eng., v. 23, p. 454-457, 1953 

6. Lewis, James S., Jr., Ross, Robert M., Gong- 
wer, Verne, Fox, Portland P., and Hays, James B. 
Foundation experiences, Tennessee Valley Au- 
thority: a symposium (with discussion). ASCE 
Trans., v. 106, p. 685-848, 1941 

7. Minear, V. L. Notes on the theory and practice 
of foundation grouting. ACI Jour., v. 18 (Proc., v. 
43), p. 917-932, (discussion p. 932-1 to 932-16), 
1947 

8. Pauls, Arthur L., and Taylor, T. F. Cleaning 
and grouting of limestone foundations, Tennessee 
Valley Authority: a symposium (with discussion). 
ASCE Trans., v. 113, p. 79-138, 1948 

9. Polatty, James M. Earth overflow dike, Jim 
Woodruff Dam. ASCE Proc., v. 79, sep. 222, 7 p., 
1953 

10. Simonds, A. W., Lippold, Fred H., and Keim, 
R. E. Treatment of foundations of large dams by 
grouting methods (with discussion). ASCE Trans., 
v. 116, p. 548-574, 1951 

11. Simonds, A. Warren. Final foundation treat- 
ment at Hoover Dam (with discussion). ASCE 
Trans., v. 118, p. 78-112, 1953 

12. Sturges, F. C., et al. Symposium on grouting 
(with discussion). AIME Trans., v. 181, p. 301-323, 
1949. (T.P. 2427 in Coal Technology, Aug. 1948; 
in Mining Technology, Sept. 1948) 

13. Tennessee Valley Authority. Geology and 
foundation treatment, Tennessee Valley Authority 
projects. TVA Tech. Rpt. 22, 588 p., GPO, Wash- 
ington, D. C., 1949 

14. USCE. Foundation grouting. Engineering 
Manual, Civil Works Construction, Part CXXXV; 
chap. 1, Planning, 81 p., 1949; chap. 2, Equipment, 
32 p., 1948; chap. 3, Field technique and inspection, 
36 p., 1950. Office, Chief of Engineers, Dept. of the 
Army, Washington, D. C. 

15. Weber, A. H. Correction of reservoir leakage 
at Great Falls Dam. ASCE Proc., v. 76, p. 101-118, 
1950; Trans., v. 116, p. 31-48, 1951 

16. Wells, J. M. Experimental grouting investi- 
gation for Chief Joseph dam. ACI Jour., v. 21 
(Proc. v. 46), p. 361-376, 1950 


ENGINEERING GEOLOGY REFERENCE LIST 





GEOPHYSICAL METHODS 


General 


1. Dobrin, Milton B. Introduction to geophysicd 
prospecting. 435 p., N. Y., McGraw-Hill, 1952 

2. Heiland, C. A. Geophysical exploration. 101} 
p., N. Y., Prentice-Hall, Inc., 1940 

3. Linehan, Daniel. Seismology applied to shalloy 
zone research. ASTM Spec. Tech. Publ. 122, 
156-170, 1952 

4. Moore, R. Woodward. An empirical method ¢ 


interpretation of earth-resistivity measurements} ‘ 


AIME Tech. Publ. 1743, in Petroleum Technology 


v. 7, no. 4, 1944; with discussion, Trans., v, if 


(Geophysics, 1945), p. 197-223, 1946; also in Publi 
Roads, v. 24, no. 3, 1945 

5. Muskat, Morris. The interpretation of earth 
resistivity measurements (with discussion). AIM} 
Trans., v. 164 (Geophysics, 1945), p. 224-231, 1946 

6. Roman, Irwin. Resistivity reconnaissance 
ASTM Spec. Tech. Publ. 122, p. 171-220, 195) 

7. Schlumberger, C. and M., and Leonardo! 
E. G. Electrical exploration of water-covered areaj 
(with discussion). AIME Trans., v. 110 (Geophys 
cal Prospecting, 1934), p. 122-134, 1934 

8. Wantland, Dart. The application of geophysi 
cal methods to problems in civil engineering} 
Canadian Inst. Min. and Met., Trans., v. 56, p 
134-142, 1953 


Foundation Exploration 


9. Bird, Paul H. Experience with geophysics it 
New York State. ASTM Spec. Tech. Publ. 122, p 
151-155, 1952 

10. Cleaves, Arthur B., and Scharon, H. Leroy 
Electrical resistivity surveys and test borings a 
pedited Pennsylvania Turnpike extensions. Road 
and Streets, v. 93, no. 9, p. 54-58, 1950 

11. ENR. Sites for Passamaquoddy Bay dam 
explored with new sounding tool. ENR, v. 147, ne 
17, p. 43-44, 1951 

12. Goodwin, William Albert. An investigatic 
of bridge foundation conditions through boring an 
geophysical methods. Univ. Kentucky, Eng. Ex 
Sta., Bull. 22, 43 p., 1951. (Lexington, Ky.) 

13. Leonardon, E. G. Electrical exploration ap 
plied to geological problems in civil engineering 
AIME Trans., Geophysical Prospecting, p. % 
113, 1932 





14. Linehan, Daniel. Seismology as a geologit 


technique (with discussion). HRB Bull. 13, p. 77-8 


1948 


15. Moore, R. Woodward. Development of ge” 


physical methods of subsurface exploration in the 


Elec 
gatic 


(195 





GEOPHYSICAL METHODS 


fed of highway construction (with discussion). 
) HRB Bull. 28, p. 73-99, 1950 
' 16, Moore, R. Woodward. Earth-resistivity tests 
: applied to subsurface reconnaissance surveys. ASTM 
Spee. Tech. Publ. 122, p. 89-103, 1952 

17. Moore, R. Woodward. Geophysical methods 
‘adapted to highway engineering problems. Geo- 
physics, v. 17, p. 505-530, 1952 

18, Perret, William R. Electrical resistivity ex- 
plration. WES Bull. 33, 48 p., 1949 

19, Scharon, H. Leroy. Electrical resistivity geo- 
physical method as applied to engineering problems. 
ASTM Spec. Tech. Publ. 122, p. 104-114, 1952 

20. Schlumberger, C. and M. Application of 
electrical prospecting to the study of dam sites. 
Congress on Large Dams, Second, Trans., v. 4, 
p. 61-79, 1938 

21. Shepard, E. R. Subsurface exploration by 
earth resistivity and seismic methods. AGU, Trans. 
16th Ann. Mtg., pt. 1, p. 78-91, 1935; also Public 
Roads, v. 16, p. 57-67, 1935 

22. Shepard, Edgar R., and Wood, Albert E. 
Application of the seismic refraction method of sub- 
surface exploration to flood-control projects (with 
discussion). AIME Trans., v. 138 (Geophysics, 
1940), p. 312-325, 1940 

3. Shepard, E. R., and Haines, Reuben M. 


geophysical 


ill, 1952 
ation. 101! 








1 to shalloy 
bl. 122, p 


| method ¢ 
surements 
echnology 
ns., v. 16 
9 im Publi 


1 of earth 
n). AIM 
231, ‘sal 
inaissance} 
220, 195] 


eonardon| 
ered we 
Geophysi 


geophys: 


gineering) Sismic subsurface exploration on the St. Lawrence 
v. 56, p River project (with discussion). ASCE Trans., v. 
" "LD 10,p. 194-222, 1944 (1945) 
24. Shepard, E. R. Subsurface explorations by 
geophysical methods. ASTM preprint no. 96 for 
meeting June 27-July 1, 17 p., 1949 
25. Spicer, H. Cecil. Investigation of bedrock 
hysics inf depths by electrical-resistivity methods in the 
Il. 122, pf Ripon-Fond du Lac area, Wisconsin. USGS Circ. 
6, 37 p., 1950 
I. Leroyf 26. USCE. Seismic and resistivity geophysical 
rings ef exploration methods. WES Tech. Memo. 198-1, 
s. Roadh %p, 1943 
27, USCE. Geophysical explorations. Engineer- 
ay dam ing Manual, Civil Works Construction, pt. 118, 
147, nf chap. 2, 46 p., Office of the Chief of Engineers, 
_ Washington, D. C., 1948 
stigatiof 28. Wantland, Dart. Geophysical measurements 
ring anf of the depth of weathered mantle rock. ASTM Spec. 
ng. Expf Publ. 122, p. 115-135, 1952 
tion a C x , ' 
mocsied onstruction Materials Exploration 


- * | 2. Abdun-Nur, E. A., and Wantland, Dart. 

geologit Ekctrical resistivity method applied to the investi- 

,, 77-85 gation of construction materials deposits (with dis- 
© asion), ASTM Proc., v. 50, p. 1364-1382, 1950 

of geo) (8!) 

2 in the 30. Heiland, C. A. Geophysics in the nonmetallic 





1029 


field (with discussion). AIME Trans., v. 110 (Geo- 
physical Prospecting, 1934), p. 546-577, 1934 

31. Kurtenacker, Karl S. Some practical applica- 
tions of resistivity measurements to highway 
problems. AIME Trans., v. 110, (Geophysical 
Prospecting, 1934), p. 49-59, 1934 

32. Moore, R. Woodward. Geophysical methods 
of subsurface exploration applied to the location 
and evaluation of sand and gravel deposits (with 
discussion). Nat. Sand and Gravel Assoc., Circ. 
37, 18 p., 1950 

33. Wilcox, Stanley W. Sand and gravel prospect- 
ing by the earth resistivity method. Geophysics, 
v. 9, p. 36-46, 1944 


Ground-water Exploration 


34. Great Britain, The War Office. The location 
of underground water by geological and geophysical 
methods. Military Engineering, v. 6, Water Supply, 
Supplement no. 1, 96 p., The War Office, London, 
1945. (H. M. Stationery Office, P. O. Box 569, 
S. E. 1, London) 

35. Heiland, C. A. Prospecting for water with 
geophysical methods. AGU Trans. 18th Ann. Mtg., 
p. 574-588, 1937 

36. Lee, F. W. Geophysical prospecting for under- 
ground waters in desert areas. U. S. Bur. Mines, 
Inf. Circ. 6899, 27 p., 1936 

37. Paver, G. L. Application of the electrical 
resistivity method of geophysical surveying to the 
location of underground water, with examples from 
the Middle East. Geol. Soc. London, Quart. Jour., 
v. 101 for 1945 (Proc., p. XLVI-LI), 1946 

38. Pirson, Sylvain J. Geophysical exploration 
for ground water supplies. Compass, v. 25, p. 250- 
266, 1948 (reprinted, Pa. State Coll., Mineral In- 
dustries Exp. Sta., Circ. 29, 1948) 

39. Rao, M. B. Ramachandra. Self-potential 
anomalies due to subsurface water flow at Gari- 
menapenta, Madras State, India. Min. Eng., v. 5, 
p. 400-403, 1953 

40. Sayre, A. N., and Stephenson, E. L. The use 
of resistivity-methods in the location of salt-water 
bodies in the E] Paso, Texas, area. AGU Trans. 
18th Ann. Mtg., p. 393-398, 1937 

41. Stickel, J. Frederick, Jr., Blakeley, Loren 
E., and Gordon, Bernard B. Geophysics and water. 
AWWA Jour., v. 44, no. 1, p. 23-35, 1952 

42. Swartz, J. H. Resistivity-studies of some salt- 
water boundaries in the Hawaiian islands. AGU 
Trans. 18th Ann. Mtg., p. 387-393, 1937 

43. Workman, L. E., and Leighton, M. M. Search 
for ground-waters by the electrical resistivity- 
method. AGU Trans. 18th Ann. Mtg., p. 403-409, 
1937 








1030 


Use oF Arr PxHoros 
General Methods 


1. American Society of Photogrammetry. Manual 
of photogrammetry. Am. Soc. Photogrammetry, 
876 p., 2nd ed., 1952 

2. Eardley, A. J. Aerial photographs, their use 
and interpretation. 203 p., N. Y., Harper & Bros., 
1942 

3. Smith, H. T. U. Aerial photographs and their 
applications. 372 p., N. Y., D. Appleton-Century 
Co., 1943 


Applications 


4. Black, Robert F. Polygonal patterns and 
ground conditions from aerial photographs. Photo- 
gram. Eng., v. 18, p. 123-134, 1952 

5. Colwell, Robert N. Aerial photographic inter- 
pretation of vegetation for military purposes. 
Photogram. Eng., v. 14, p. 472-481, 1948 

6. Desjardins, Louis. Techniques in photo- 
geology. AAPG Bull., v. 34, p. 2284-2317, 1950 

7. Dietz, Robert S. Aerial photographs in the 
geological study of shore features and processes. 
Photogram. Eng., v. 13, p. 537-545, 1947 

8. Eardley, A. J. Aerial photographs and the dis- 
tribution of construction materials. HRB Proc. 
23rd Ann. Mtg. 1943, p. 557-568, 1944 

9. Fisk, Harold N. Geological investigation of the 
alluvial valley of the lower Mississippi River. Miss. 
River Comm., 78 p., 1944 

10. Frost, Robert E., and Mintzer, Olin W. In- 
fluence of topographic position in airphoto identifi- 
cation of permafrost. HRB Bull. 28, p. 100-121, 1950 

11. Henderson, L. H. Detailed geological map- 
ping and fault studies of the San Jacinto tunnel 
line and vicinity. Jour. Geol., v. 47, p. 314-324, 1939 

12. Hittle, J. E. Airphoto interpretation of en- 
gineering sites and materials. Photogram. Eng., 
v. 15, p. 589-603, 1949 

13. Loel, Wayne. Use of aerial photographs in 
geologic mapping. AIME Tech. Publ. 890, 54 p., 
(Mining Technology), 1938 

14. McCurdy, P. G. Manual of coastal delinea- 
tion from aerial photographs. H. O. Publ. 592, 
Hydrographic Office, Navy Dept., Washington, 
D. C., 143 p., 1947 

15. Melville, P. L. An airphoto study of the 
Triassic area in Albemarle County, Virginia. HRB 
Bull. 13, p. 30-47, 1948 

16. Parvis, Merle. Drainage pattern significance 
in airphoto identification of soils and bedrocks. 
HRB Bull. 28, p. 36-62, 1950 

17. Raup, Hugh M., and Denny, Charles S. 
Photo interpretation of the terrain along the 
southern part of the Alaska Highway. USGS Bull. 
963-D, p. 95-135, 1950 


ENGINEERING GEOLOGY REFERENCE LIST 





18. Rooney, G. W., and Levings, Williay 
Stephen. Advances in the use of air survey | 
mining geologists. Photogram. Eng., v. 13, p. 570 
584, 1947 

19. Rourke, John D., and Austin, Morris f 
The use of air-photos for soil classification and map 
ping in the field. Photogram. Eng., v. 17, p. 73% 
747, 1951 

20. Smith, H. T. U. Photo-interpretation in ay 
plied earth science. Photogram. Eng., v. 17, 
418-428, 1951 

21. Teichert, Curt, and Fairbridge, R. Wj 
Photo-interpretation of coral reefs. Photogran 
Eng., v. 16, p. 744-755, 1950 

22. U. S. War Dept. Interpretation of aeriz 
photographs. War Dept., Tech. Manual TM 5-24 
219 p., 1942 

23. U. S. War Dept. Advanced map and aeria 
photograph reading. War Dept., Field Manu 
FM-21-26, 141 p., GPO, 1944 

24. Wengard, Sherman A. Photogeologic charac 
teristics of Paleozoic rocks on the Monumen 
Upwarp, Utah. Photogram. Eng., v. 16, p. 770-78! 
1950 

25. Woods, K. B., Hittle, J. E., and Frost, R.E 
Use of aerial photographs in the correlation betweer 
permafrost and soils. Mil. Eng., v. 40, p. 497-49 
1948 

26. Zonneveld, Jan I. S., et al. The use of aeria 
photographs in a tropical country (Surinam), : 
symposium. Photogram. Eng., v. 18, p. 144-168 
1952 


Air-photo Indexes 


27. Lang, A. H., Bostock, H. S., and Fortier 
Y. O. Interim catalogue of the Geological Survey 
collections of outstanding air photographs. Canad: 
G. S., Paper 47-27, 17 p., 1947 

28. U. S. Air Force. Index to aerial and groun¢ 
photographic illustrations of geological and to 
pographic features throughout the world. Head 
quarters U. S. Air Force, Washington, D. C., 19 p 
1946; supplement no. 1, 10 p., 1949 

29. U.S. Geological Survey. Index map of statu’ 
of aerial photography in the United States. USGS 
6th edition, 1953 

30. U. S. Geological Survey. Index map of statu’ 
of aerial mosaics in the United States. USGS, 3rc 
edition, 1952 

31. Wanless, H. R., and others. Outstanding 
aerial photographs in North America. A. G. I., Rptf 
no. 5, 87 p., 1951 





Corps OF ENGINEERS, 10 E. 17 St., KANSAS Cm 
8, Mo. E 
Manuscript RECEIVED BY THE SECRETARY OF TH) 
Society, Fepruary 25, 1955 : 





Adar 
Li 
M 
M 





»  Williay 
Survey |; 
13, p. 57 


Morris F 


| and maph 


7, p. 73% 


ion in ap 
vi F, } 


, KR. VE 


hotogran 


of aerial 
TM 5-246 


ind aeria 
Manu 


ic charac} 
[onumen! 
770-781 


st, R. E 
| betwee 
497-4} 


of aerial 
inam), 2 


144-168 


Fortier, 
| Survey 
Canade 


| ground 
and to 
. Head 
’y 19. 


of statu: 
_ USGS, 


yf status 
GS, 3rd 
























BULLETIN OF THE GEOLOGICAL SOCIETY OF AMERICA 
VOL. 66, PP. 1031-1060, 3 FIGS., 3 PLS. AUGUST 1955 


ADAMELLITE INTRUSIVE NORTH OF DAVIS INLET, LABRADOR 
By E. P. WHEELER, 2ND 


ABSTRACT 


North of Davis Inlet, Labrador, an adamellite body of batholithic proportions cuts 
basement complex gneisses and anorthosite. The adamellite can be subdivided into 
hypersthene-, fayalite-, hornblende-, and biotite facies. Differences in texture and com- 
position distinguish interior and marginal zones. Dike rocks can be correlated with the 
intrusive. Hornblende adamellite makes up the bulk of the intrusive. The biotite facies 
is a late differentiate and in places is pegmatitic. The hypersthene facies is generally 
marginal or in dikes and was formed early. The exact position of the fayalite facies is 
uncertain, and its period of formation may overlap that of other facies. 

Variations in amount and composition of the minerals in the different facies indicate 
differentiation without important introduction of material. Field evidence indicates 
that the adamellite was intruded as a liquid of low viscosity, with much fracturing of 
the wall rocks and the formation of abundant inclusions. In this respect it differs radically 
from the anorthosite which is essentially concordant with the older gneisses, suggesting 
high viscosity of the anorthosite. Indications of primary flow are meager in the adamel- 
lite, and evidence of post-consolidation dynamic metamorphism is absent. 

Mineral intergrowths are prominent in the adamellite. Hornblende is diffusely poi- 
kilitic, and in places biotite and pyroxene are poikilitic. Plagioclase and K feldspar are 
intimately intergrown in the interior of the adamellite body, and the K feldspar has 
apparently replaced the plagioclase. Quartz penetrates all these minerals. Textural 
details indicate replacement. 

The contradiction between consolidation of a magma without introduction of material, 
and widespread replacement by K feldspar and quartz may be explained if the textural 
relations are interpreted as primary intergrowths modified by deuteric solution which 
has transferred material to near-by points of greater stability. _ 

Diabase dikes are the only intrusives younger than the adamellite. 

The anorthosite north and south of the adamellite is a gabbroic olivine-bearing facies. 
It is purer northeast of the adamellite and contains chatoyant plagioclase. Flow struc- 
tures are absent in the anorthosite adjacent to the adamellite, indicating the adamellite 
penetrated through the marginal zone of the anorthosite. 

The gneisses north and east of the adamellite are a variable tonalitic and dioritic 
series containing both hornblende and pyroxene. Those west of the adamellite are pale 
garnetiferous biotite gneisses containing variable proportions of K feldspar, oligoclase, 
and quartz. Graphite is present, and they are of sedimentary origin. 

In the western gneisses, contact metamorphism by the adamellite has transformed 
garnet into a myrmekitic intergrowth of vermicular hypersthene in a cordierite mosaic. 
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plied by Commander A. G. N. Wyatt who 
carried out the survey. 

A closure error of 1.3 miles in the triangula- 
tion chain from an astronomical fix at Davis 
Inlet to the main triangulation net at 
Akhpiktokh Island (Lat. 56° 13’ N., Long. 


The map scale is so small that much geo” 





logical detail must be schematic. In the ada] 
mellite, zones of inclusions too small to be rep- 





2 






spot of the appropriate color. Similarly wher 


small dikes are prominent they are represented % 









? 


& 
2 


> plot 


resented individually are indicated by a singly”. 


> Meis 


t 


form 








es of 
--.. 108 
s of ; 
coca See 


S of 
es of 
ee. 10 
ated 

cooe ae 
the 
... 104 
llite 


a 


or in th 
1e chainf 


per ove! 
1e neces! 
The re 
ceed 0) 
‘ied ou! 
ch Bay 
here the 
ymputer 
e error 
not ex. 
tail de. 
vith cy; 
on foot 
rate 0! 
station: 
her ele. 
1 altim: 
or the 


known} 
e, evel 
of pri 
2) and 
ds local 
y usec 
orthog: 
is usec 


104 


1050 


 fowing east to Natanailikulluk Cove (Lat. 56° 
| ISS'N., Long. 62° 03.6’ W.). Here the only 


INTRODUCTION 


; pyasingle symbol bigger than any dike in the 


Bp field. 


4 series of evenly spaced spots indicates a 





1033 


knowledge will undoubtedly result in changes, 
but the outlines as drawn should prove a useful 
guide to critical areas. 
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outcrops encountered were adamellite for some 
distance west of the probable location of the 
; meiss contact. 

Structural data are incomplete but have been 
plotted because they may be valuable in plan- 
ning future field work. 

Some interpolations necessary to complete 
fomation outlines are too long. Additional 
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GENERAL GEOLOGY 
Petrographic Nomenclature 


Johannsen’s (1931) petrographic classifica- 
tion is used. Preference for the term adamellite 
instead of quartz monzonite requires some 
justification. The rocks of this group are abun- 
dant enough and of sufficiently wide geographic 
distribution to warrant an independent name. 
Use of adamellite is less cumbersome when the 
group is subdivided on the basis of dark 
minerals. 


Summary of Geology 


The principal rocks in order of decreasing 
age are the Precambrian basement gneisses, an 
anorthosite complex, and the adamellite intru- 
sive (Wheeler, 1942). The adamellite is treated 
in greater detail here, and the other formations 
are considered chiefly in relation to it. 

Both the anorthosite and adamellite com- 
plexes vary considerably in composition. As the 
average composition of one complex is ada- 
mellite, and the most characteristic rock of the 
other complex is anorthosite, these names are 
used. 


ADAMELLITE 
Lithologic Characteristics 


The adamellite body, the largest unit within 
the map area, covers an estimated 350 square 
miles and is thus of batholithic proportions. 

The main body is coarse-grained, in many 
places with porphyritic feldspars up to at least 
12 mm across. They tend to be blocky but lack 
sharp crystal faces and commonly contain 
small grains of quartz and mafic minerals. 
Quartz is prominent except in dark or badly 
rusted types, and even in them it can be de- 
tected on bleached surfaces. It ranges from 
light gray (N7/0)! to very pale purplish blue 
(10PB9/2) and very pale purple (10P9/2). In 
many places the quartz forms small spherical 
drops embedded in feldspar, and similar drops 
are occasionally seen in mafic grains. 





1 Where color symbols are used they are those of 
The Munsell Book of Color, abridged edition, 1939, 
published by The Munsell Color Company Inc., 
Baltimore, Md. The accompanying names are 
those given by Judd and Kelly (1939). 
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Black amphibole, the most common dark 
mineral, generally has ragged irregular outlines, 
In a favorable light, groups of these ragged 
grains can be seen to have uniformly oriented 


cleavage faces, indicating they are parts of af 


single crystal. Such areas may be 3 cm acros: 
in the darker phases of the adamellite. This js 
a poikilitic texture in which the guest grains 
are so abundant they conceal the host crystal, 
It seems best developed near the margins of the 
body, but it is so widespread that this pattern 
is difficult to demonstrate. Dark mica often 
accompanies the amphibole in paler adamel- 
lites, and in some of these the amphibole drops 
out, resulting in a rock whose mafic content is 
very low, and largely biotite. Occasionally 
pyroxene, or even olivine, occurs as dark-brown 
to dull-black grains, generally enclosed by the 
amphibole. 

The adamellite ranges from pale gray, less 
commonly pale pink, to quite dark gray and 
rusty. The iron stain in places penetrates so 
deeply that the color of the fresh rock is diffi- 
cult to determine. Where fresh material can be 
obtained, as in recent rock falls, the original 
color is olive gray (5-10Y3/2) and is imparted 
by the leucocrats rather than the mafic min- 
erals. Microscopic examination indicates that 
this olive gray is characteristic of the fayalite 
and hypersthene facies of the adamellite but is 
absent from the hornblende and biotite facies. 
The light pink appears to be primary in some 
cases, though in places it can be correlated with 
fracture systems and is probably caused by 
hydrothermal solutions. 

In places, as at the tip of Tikkeghatsiakh 
Peninsula (Lat. 56° 03.7’ N., Long. 61° 14.8’ 
W.), adamellite about 0.1 mile from the con- 
tact shows no change other than a slight reduc- 
tion in grain size, and its relationship to the 
main body is obvious. Elsewhere, as at the 
mainland point west of Uyaghakhsoakh 
Island (Lat. 55° 58.3’ N., Long. 61° 07.3’ W.), 
the rock is medium-grained with granitic tex- 
ture, lacks phenocrysts or poikilitic texture, is 
dark without obvious quartz, and looks like 
gabbro. It is not easily correlated with the ada- 
mellite except on the basis of spatial relations, 
though the contact may be considerably more 
than 0.1 mile away. Some of these rocks are the 
characteristic olive gray, which is helpful for 
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fed interpretation. The correlation of others 
isucertain even after microscopic study. 

The number of dikes cutting the rocks in- 
yaded by the adamellite decreases with dis- 
tance from the contact. This suggests that the 
dikes originated in the adamellite, though only 
afew in the immediate vicinity of the contact 
resemble it in appearance, and even these tend 
to be finer-grained and less porphyritic than 


‘the main adamellite. Both basic dikes and 


pematoid granitic dikes occur. The former 
resemble some of the dark, medium-grained 
marginal facies of the adamellite, and the latter 
generally contain a small amount of dark mica 


as the principal mafic, thus resembling some of 


the most leucocratic adamellite. Possibly some 
dikes 5 miles from the adamellite can be cor- 
related with it. Their width is generally meas- 
urd in feet or inches, though occasionally 
they are measurable in tens of feet. Larger 
ones are more likely to resemble the adamellite 
in appearance. 


Mineralogy 


K feldspar, plagioclase, and quartz are major 
constituents of the main adamellite body, often 
in about equal amounts. Exceptionally in some 
of the marginal facies quartz and K feldspar 
almost disappear. Hornblende is the most 
widespread mafic mineral, but pyroxenes, 
fayalite, or biotite may be prominent. Black 
ore, apatite, and zircon are persistent. Fluorite 
is occasionally present in rocks whose chief 
mafic is biotite. 

Plagioclase varies in anorthite content but 
is generally Ango-Anys. Zoning is rare; it is most 
prominent as thin margins between plagioclase 
and K feldspar where the albite content in- 
creases sharply. Zoning that involved more 
than thin rims was noted only in the marginal 
zone of the intrusive. Antiperthitic inclusions 
are generally present, and myrmekitic inter- 
growths occur at least in the marginal zone and 
associated dikes. Cloudy alteration is common 
in plagioclase, even when the other minerals are 
essentially fresh. Often it is localized in the 
cores of grains. 

K feldspar commonly shows the grid twin- 
ning of microcline. However, the twinning is 
rarely well developed. It is absent from many 
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grains, suggesting that microcline may be ac- 
companied by orthoclase. Grid twinning seldom 
occurs in the K feldspar of rocks containing 
significant amounts of olivine or pyroxene, 
indicating absence of microcline. Possibly 
anorthoclase is present in some specimens 
(Wheeler, 1942, p. 619-620). 

Perthitic inclusions are even more common 
than microcline twinning, and several types 
occur. 

Clouding and hematite staining occur in the 
K feldspar of some rocks. 

Quartz in nearly all thin sections contains 
minute pale-pink to dark-brown equant inclu- 
sions with negative relief. Occasionally vibrant 
gas bubbles can be detected in them, and they 
are probably fluid inclusions. 

Minute dark slender needle or rod inclusions 
oriented in more than one direction are com- 
mon. The high degree of correlation between 
the blue or purple color of quartz in the field 
and the presence of minute needles in the quartz 
indicates that the needles cause the color. 
Strain shadows were noted only in quartz from 
the marginal zone and dikes associated with 
the adamellite. 

Hornblende color in thin section is variable. 
X is generally weak to moderate yellow, 
5Y8/4-6. Y ranges from light olive to dark 
greenish yellow, 10Y5-6/6, and Z is generally 
light olive, 10Y5/4. Z sometimes approaches 
moderate green, 5G5/4, at the margins of 
grains near quartz and feldspar, and Y shows 
a similar but less pronounced variation. 

In refractive-index liquids the lower index 
of hornblende cleavage flakes from eight speci- 
mens ranges at least from 1.672 to 1.691. This 
suggests a high iron content and some varia- 
tion in composition. 

Clinopyroxene is essentially colorless though 
in several sections it is faintly greenish or 
brownish, and thicker powder grains examined 
in refractive-index liquids are similarly colored. 
The extinction angle is large, and birefringence 
is strong. Microplakite and minute oriented 
dark rod inclusions occur. 

Refractive-index determinations on the 
clinopyroxenes of six specimens indicate two 
fairly constant compositions, one associated 
with hypersthene and the other with olivine. 
The upper index of cleavage flakes was deter- 
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mined, and Z was estimated by addition of 
0.004 (Wager and Deer, 1939, p. 79). Z is close 
to 1.725 in four specimens associated with 
hypersthene, and in two associated with olivine 
it is close to 1.745. The axial angle is positive; 
it is about 60° in most cases, though in some, 
perhaps toward the margins of grains, it is con- 
siderably smaller. In one two-pyroxene rock it 
measured 46° by the Mallard method, and it 
appears to be even smaller in other specimens. 
Using the nomenclature of Hess (1941, p. 518), 
the pyroxene associated with hypersthene is 
ferrosalite, possibly grading to low-iron ferro- 
augite at the margins of grains, while that asso- 
ciated with olivine is hedenbergite, possibly 
grading to high-iron ferroaugite at the margins 
of grains. 

Thin, lamellar intergrowths parallel to 001 
occur in clinopyroxene from marginal zones of 
the adamellite, and from dikes associated with 
the intrusive. They have been identified as 
pigeonite exsolution lamellae in augite by H. H. 
Hess (Personal communication), who pointed 
out their thermometric significance. The pre- 
cision of this significance is decreased by the 
presence of lamellae in the clinopyroxene of 
rocks containing either the higher- or lower- 
index clinopyroxene. Assuming that exsolution 
has removed nearly all the calcium molecule 
from the host mineral, the clinopyroxene with 
Z near 1.725 would contain about 48 per cent 
iron molecules, and that with Z near 1.745, 
80 per cent (Hess, 1949, Pl. II, opposite p. 637). 
The former must have crystallized above 
1060° C., and the latter above 990° C. (Hess, 
1941, Fig. 9, p. 583). Otherwise the exsolution 
lamellae would have crystallized as the low- 
temperature form, hypersthene, rather than 
pigeonite. 

In some specimens massive or fibrous amphi- 
bole has formed by paramorphic alteration of 
clinopyroxene. 

Hypersthene color is faint in thin section. 
Thicker powder grains are pleochroic with X 
very pale yellowish red and Z very pale green. 
The optic angle is moderately large, negative. 
Dispersion is weak, p<v. 

Refractive indices were determined for the 
hypersthene of the same four specimens in 
which the clinopyroxene was examined. Z is 
close to 1.72. Using the data given by Hess 
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(1952, Fig. 2, opposite p. 180), this indicates; 
composition near MgssFes. This is near thie 


lower limit of iron to be expected from thie 


character of the dispersion on the basis of wort 
by Kuno (1941, p. 204). The ratio of iron con. 
tent in the hypersthene to that in the associates 
clinopyroxene is too low to fulfill the relation. 
ship noted by Hess (1941, p. 585-586) betweer 
these minerals when associated in mafic igneous 
rocks. 
Fibrous greenish-yellow alteration 
moderate birefringence commonly penetrate 


the hypersthene along fractures and cleavag 7 
planes. The fibers parallel the hypersthen ¢ 


cleavage direction. 

Olivine relief in thin section is so strong it 
appears slightly brown. Its optic axial angle if 
negative, only moderately large, and it shows) 
marked dispersion p>v. The refractive inde} 
of Y is near 1.85 in two specimens, indicating 
fayalite with a molecular percentage of about 
Fago. 

Only slight alteration to serpentinous map 
terial has occurred, but in some thin sections 
there is extensive alteration to a dark-orange 
(S5YR5/8) mineral with strong relief, bire- 
fringence low to zero, and a fracture system 
that suggests a network of shrinkage cracks inf 
isotropic material. In a few slides rounded 
grains of this mineral are the only indication} 
that olivine may have been present. 

Biotite color variations have no obvious cor- 
relation with other factors. Z is commonly near 
moderate yellowish brown, 10YR4-5/46 
Colors as dark as moderate brown, 5YR3/4 
and as strong as dark orange, 5YR5/8, wert 
noted in the red direction, and in a group of 
specimens Z is near moderate olive brown} 
5Y4/4, in the yellow direction. Margins 0 a 
some grains grade to dusky yellow green, 5GY- 
5/4, or light to moderate yellowish green 
10GY6-7/6, in some cases with a decrease it} 
birefringence that indicates partial chloritiza/) 





tion. X is generally very pale. 2V is alway: 3 


essentially zero. 





Mineral Facies and Structural Zones 





The adamellite may be divided into foug 
facies on the basis of a discontinuous reactiol§ 
series: hypersthene, fayalite, hornblende, big 
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re ' ve " bypersthene is in accordance with the findings 
ive meet «Wager and Deer (1939, p. 100-101). 
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tite, These facies have been named according 
to the earliest significant mineral in the re- 
ation series. Occasionally, where a mineral is 
present only as a few corroded remnants em- 
bedded in a later member of the series, it is 
cusidered an unstable relic, and the rock is 
gouped with the later member of the series. 
The relative position of hypersthene and 
fayalite in the series might be questioned since 
the association of pyroxene with hornblende 
js more common than that of fayalite with 
homblende and might well be considered tran- 
sitional between fayalite-pyroxene adamellite 
and hornblende adamellite. However, the iron: 


| magnesium ratio of the clinopyroxene asso- 


ciated with fayalite indicates it is later than 
the clinopyroxene in the fayalite-free rocks. 
later than 


The classification is difficult to carry out in 


» thefield since fayalite is rarely abundant enough 
| to be noticed, especially when pyroxene is 


present. Also much hornblende conceals py- 


; roxenes, and a relatively large biotite content 


conceals hornblende. Furthermore, the classifi- 


‘| ation was developed after completion of the 


| feld work, so distinctions that might have been 


/ noted more carefully in the field were not 


; observed. Hence the only reliable representa- 
| tion of facies in the adamellite on the map is at 
_ points where specimens were collected. The 


} olive gray characteristic of the hypersthene 


» aid fayalite facies should be a diagnostic field 
D citerion. 


Cutting across the mineral-facies classifica- 


} tonis a division based on structural zones. The 


intrusive may be divided into a central zone, 


}) amarginal zone, and the dikes associated with 
© the adamellite, either within its borders or in 


the adjacent formations. The same facies 


cassification is applicable to each structural 
| *ne. However, the predominant mineral facies 
) varies from zone to zone, and each zone has 


"> ctaracteristic texture and mineralogy. 


The modal analyses (Tables 1-6) are partly 


> Xosiwal analyses made with a Wentworth inte- 


grating stage and partly point counts by the 
method of Chayes (1949). Analyses recorded 
oly to units per cent are inferior, generally 
because the thin section was small or broken. 
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In more recent work the number of points 
falling in torn holes is given, though not in- 
cluded in the computation of percentages. 
This figure indicates the maximum bias that 
tearing could cause. There is some evidence 
that dark minerals tear out more easily than 
leucocrats in these rocks. 

The hornblende facies is the most widespread 
and characteristic rock of the intrusive (Table 
1). Therefore it provides a standard of com- 
parison for the earlier and later facies. 

Of the 10 analyses in Table 1, representing 
the great bulk of the intrusive, only one falls 
in Johannsen’s restricted granite family, and 
even it is scarcely over the line between granite 
and adamellite. All the rest are adamellite, and 
more than half the analyses show more plagio- 
clase than K feldspar. In this facies pyroxene is 
enclosed by massive hornblende and is raggedly 
penetrated by paramorphic hornblende. It is 
an unstable relic which has survived by the aid 
of the protecting hornblende. Microcline occurs 
in all but one of the analyses. In the rock of 
analysis No. 10 (Table 1) are a few rounded 
grains of the dark-orange mineral that appears 
to be an alteration product of fayalite. The 
colorless amphibole in analysis No. 3 forms 
bladed patches associated with granular black 
ore similar to peculiar rims that rarely occur 
about fayalite in other specimens, again sug- 
gesting that fayalite may have been present. 

In analysis No. 5 the fluorite is so scarce 
that none was noted in thin section. A single 
purple grain was found in the hand specimen, 
and its identity was checked in index liquids. 

In analysis No. 1 the absence of microcline 
twinning, presence of pyroxene, relatively high 
content of plagioclase, and comparatively 
calcic plagioclase all suggest that this specimen 
is gradational toward the hypersthene facies. 
In analysis No. 5 presence of fluorite, low mafic 
content, and high ratio of biotite to hornblende 
suggest a gradation toward the biotite facies. 
In analysis No. 9 predominance of biotite over 
hornblende also suggests a gradation toward 
the biotite facies. 

None of the specimens of Table 1 is olive 
gray; they range from light gray to pale pink 
with a little iron stain. 

Most of the specimens were collected from 
well within the adamellite body. The only ones 
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TABLE 1.—MopAL ANALYSES OF THE HORNBLENDE FACIES OF ADAMELLITE 
(In volume per cent) 






















































) ££ 1.4 3 4 S bt «& a ox 9 . — 
Plagioclase................. 39.5 | 23.2 | 22.5 | 20.2 | 27.1 | 37.3 | 26.4 | 37.3) 31 * 
DOE goo eccntccseesces 27.1 | 33.1 | 37.8 | 42.4 | 29.9 | 22.1 | 23.7 | 30.1 | 28 5, Pag 
| er 18.5 | 30.3 | 27.8 | 26.8 | 34.4 | 22.5 | 30.0| 27.8 | 31 | 2579 * 
Mo Ssitece a nied aie acacecarens ? | > ie Qu 
Clinopyroxene.............. | 1:2} 6.2 1.8 | > fp fur 
ee eee eee | 9 | Hon 
Hornblende................. 7.7| 7.0] 7.7*| 6.8| 5.5] 14.4| 16.0] 3.0! 4 | 46 3m 
Biotite.....................| 2.2] 60] 3.0 | 1.4] 2.4| 2.5] 2.0] 1.6] 6 | 12 ™ 
I disdain antexnatl 23) 21242129 1] 7| $| 2)? | ee 
DR iiais ievcacrthsaxien } 3] al P | P 2| 4] 4] P | P| oe 
| RES } 2] P ] p |p] ?] a|p|pi]epl pee 
RNR aed ecole cataaceracaere cies | | wae | ? Floa 
NS 5.6: St piatainteces ie Passi rar | Is | Seon 
a | P| | | P ve 
An molecular % in plagio- | Ant 

eal ea Aes 26 | 25+ | 18 | 17 | 17 | 16 | 16 | 15 | 12 | 2 pi 
Johannsen classification. ..... | 227” | 226” | 226” | 226’ | 226” | 227” | 227” | 127” | 227” | 227" ms 
Length of traverse........... | 2556 | 1688 | 1553 | 1096 | 1215 | 122 | 1285 | 1721 | 743 | 1683 = 
pts. | pts. | pts. pts. | pts. | mm./ pts. | pts. | pts. | pts. p- 
Additional points in torn 1 
ERE rare eye ener ee | | 22 | 91 30 kerta 
P—A small amount present. ?—Amount small and identification questionable. - 
* Includes 0.5% colorless actinolitic amphibole. ba 
1. Specimen 2-901. Coarse-grained, light-gray adamellite cutting marginal zone rock on Koghaluk Broot} By 
at Side Brook, Lat. 56° 10.4’ N., Long. 61° 44.6’ W. = 
2. Specimen 2-408. Medium-grained, pale-pinkish-gray adamellite from Akhpiktokh Island, west side R 
Lat. 56° 12.1’ N., Long. 61° 17.0’ W. P 
3. Specimen 2-753. Medium-grained, pale-pink adamellite from Akhpiktokh Island southeast point hs 
Lat. 56° 12.2’ N., Long. 61° 13.7’ W. ary 
4. Specimen 2-895. Coarse-grained, light-gray granite from Creek Bluff Peninsula, Lat. 56° 15.8’ N. Ps 
Long. 62° 02.9’ W. “as 
5. Specimen 2-409. Medium-coarse-grained, light-gray adamellite from Akhpiktokh Island, west side whe 
Lat. 56° 12.5’ N., Long. 61° 16.9’ W. bi 
6. Specimen 2-865. Coarse-grained, light-pink adamellite from near intrusive margin northeast of White By 
Hill, Lat. 56° 19.0’ N., Long. 61° 56.8’ W. Peni 
7. Specimen 2-907. Coarse-grained, light-gray adamellite from Gussy Islet, Lat. 56° 16.5’ N., Long) ~ 
61° 52.6’ W. 
8. Specimen 2-747. Coarse-grained, light-gray adamellite from Pitsiulaksit Island, southeast pointy, Zone. 
Lat. 55° 59.5’ N., Long. 61° 14.6’ W. Ciate 
9. Specimen: 2-331. Medium-coarse-grained, slightly rusty, light-gray adamellite from Kheblertalub)) three 
Island north shore, Lat. 56° 13.7’ N., Long. 61° 31.5’ W. long 
10. Specimen 2-922. Coarse-grained, pale-pink adamellite from point east of Brown Bight, Lat. 5) fy, 
13.0’ N., Long. 61° 37.3’ W. least 
Bp etter 
that might be marginal are Nos. 1, 3, and 6. margin. On the other hand, the finer grain 0% jy 4 


No. 1 cuts rocks characteristic of the marginal 





No. 3 suggests it may belong to the marginall§ , 






zone, and its coarse grain is characteristic of zone though it appears to be rather far fromg yy 
the interior zone. Similarly, the coarse grain of _ the contact. Nos. 2 and 5 are still farther from] |e 
No. 6 is more characteristic of the interior zone the contact and are coarser-grained so there 5§ j, ,, 


despite the closeness of the specimen to the 









less likelihood of their being in the margind 
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TABLE 2.—MopaL ANALYSES OF THE BIOTITE FACIES OF ADAMELLITE 
(In volume per cent) 
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RNR «clusions wen mae 39.9 | 56.8 | 40.4 | 27.1 | 31.2 | 27.9| 15.6| 11 
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| " Se eee 34.0 | 25.7 | 32.2 | 33.9 | 33.8 | 29.8 | 26.0 | 31 
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ican FN 6533. SU eiscaen areola cease ase 1.8 P ? P 

fg gl Bille ee eee 8.6} 3.2] 1.5] 3.2] 1.9] 1.0] 2.5] P 

<. —RienRernerereirrons P 3 | | 69) FTP 
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TS ? 3 p | Pp | " P 
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| p BER ies Sana Non aden Een ecoddeseeesmems Pp ? 
BN 6h too oc nyte os Hakay st, auavavavasnn jacora sietiyaers P ae P a 
IN INE a 5 cols rx te wes, bum worn oud P P P 1.2 
SHE etn T ecg | oc Uh at ae ea 9 P 
| > Anmolecular % in plagioclase.............. 26-17; 20 6- 25 15-5? 7 16 17 

. ve Josausen classification... ...........0000000% 227’ | 127’ | 117” | 226” | 126” | 116” | 126’ | 126’ 

Pal 27" No. of points counted Dd aadescs Ob Ti stiie: Son a eavSTS TNT 1408 | 1161 | 1038 | 1631 | 1335 | 1778 | 1464 939 

3 | 16830 Additional pts. in torn holes................ 9 3 1 | 

» | Pt p-Asmall amount present. | ?—Amount small and identification questionable. 


| 1, Specimen 2-500. Medium-coarse-grained, light-gray granodiorite dike cutting adamellite, Khik- 
' kertauyaluk Peninsula, east point, Lat. 56° 13.5’ N., Long. 61° 51.6’ W. 
2. Specimen 2-897. Coarse-grained, light-gray leucogranodiorite transgressive mass at ademellite margin, 
' Tesiuyakhsoakh Bay, south shore, point near bay head, Lat. 56° 16.5’ N., Long. 62° 03.8’ W. 
luk Broth. 3, Specimen 2-926. Pale-pink, medium-fine-grained aplitic leucosodaclase adamellite dike cutting adamel- 
> liteon point east of Brown Bight, Lat. 56° 13.0’ N., Long. 61° 37.3’ W. 
— p 4 Specimen 2-729. Medium-grained, pale-pink adamellite, main intrusive at Davis Inlet Post Hill, 
) lat. 55° 52.7’ N., Long. 60° 51.9’ W. 
ast point | 5Specimen 2-923. Medium-coarse-grained, very pale-pink leucoadamellite transgressive mass cutting 
| aamellite on point east of Brown Bight, Lat. 56° 13.0’ N., Long. 61° 37.3’ W. 
15.8 N. : §. Specimen 2-738. Medium-coarse-grained, moderate orange-pink, 5YR8/4, leucosodaclase adamellite 
- dike cutting rock of uncertain origin near adamellite margin, Uyaghakhsoakh Island south point, Lat. 
ct cafe 557.4’ N., Long. 61° 04.4’ W. 
west side P oats , , i , 
_ 1.Specimen 2-911. Coarsely pegmatoid, pale-pinkish-gray leucogranite reticulation in anorthosite near 
of White | aamellite north of outer Sangmiyokh Bay, Lat. 56° 17.1’ N., Long. 61° 49.3’ W. 
_ & Specimen 2-307. Medium-grained, pale-pink leucogranite reticulation in anorthosite, Akkuliakhattakh 


W., Lene _ Peninsula south of end hill, Lat. 56° 15.5’ N., Long. 61° 40.3’ W. 





st point) ane. Among the dike rocks thought to be asso- _granodiorite, and two are granite. In an average 


_ cated with the adamellite (Table 5) only the of the eight analyses there is slightly more K 
a three with the lowest plagioclase content be- feldspar than plagioclase, but the proportion 


a long in this facies. is well toward the center of the adamellite 
Lat. ad The biotite facies of the adamellite differs family. 
© last from the hornblende facies (Table 2). No Microcline twinning was found in all the 


_ § attensive masses of it have been encountered rocks of Table 2 except No. 2. Fluorite char- 
grain O' in the area except possibly the massif west- acterizes the facies and occurs in half the rocks 
nargiNe'® southwest of Kheblertaluk Island, Lat. 56° 12’ of table 2. It was found in only two rocks out- 
ar from N. Long. 61° 38’ W. Even including this area __ side the biotite facies. 

— me less than 5 per cent of the total adamellite area The gradation from the hornblende to the 
there 5 isunderlain by the biotite facies. Four of the _ biotite facies is due more to a decrease in horn- 
— aualyses in Table 2 are adamellite, two are blende than to an increase in biotite so rocks 
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of the biotite facies tend to be markedly leuco- many of them pinkish. The pink may be mor 
cratic; six of those in Table 2 contain less than prevalent than in the hornblende facies, yy 
5 per cent mafics. Hornblende makes up an _ olive-gray rocks have been seen. 


TABLE 3.—MopAL ANALYSES OF THE FAYALITE FACIES OF ADAMELLITE 
(In volume per cent) 








1 2 Ss ft « a 7 



































= =| | —__ 
PIII 4. 9 5.10 dove <ciacktoieem ences ap Cae 41 35.7 16.4 15.0 | 20.9 11.0 
NIE kw wcesvigieiencdes anne 11.6 25 24.1 | 44.9 | 35.5 | 43.2 | 53.7 
a Lichecsvewkabpynnenbeean 6.5 8 26.2 | 26.2 | 27.5 | 28.7 | 29.3 
I arctic oycicisuas aca mececdio.c haere’ 15.0 7 4.5 9 1.0 3.1 1.6 
ee 19.5 9 2.4 2.5 P LZ |} 
II 5. ork ars cste vas douse ae-9:s ? 
I bisa ue cegmpaiiesv tee >| 8 7.5 6.7 | 16.0*} 1.1 | 3.0 
ns. § nai adiniciarnebepoetadie caccmos ; 1 PY 2 2.4 | 4 
I ig SS a ad 5.6 | 1 1.0 1.8 3; 43 1 
a hac ta gcc etir esc aot 1.0 P >» © -@ 4 P | 
sce, dane cae a atari: Ser meses ae P ? a P | Pp 
MN ea ha 5a cepirad-gincdas afc nial, P 
Secondary mafics.................. 3 | 3 
ee ain ale inet pay cine nions & . om 
An molecular % in plagioclase... .. . . 38 27 21-30 16 13-27 | 17-27 | 22 
Johannsen classification............. 227’ 227” 227” 226’ 226’ 226’ 226 
Points counted in traverse.......... 1141 808 1689 1259 1799 | 1498 | 1511 
Additional pts. in torn holes.......... 19 | 23 | 46 | | | 
P—A small amount present. ?—Amount small and identification questionable. 


* Includes 1.8% of colorless massive actinolitic amphibole. 

1. Specimen 2-698. Medium-coarse-grained, light-olive-gray granodiorite from Gibraltar Island, Lat. 
56° 06.7’ N., Long. 61° 20.6’ W. 

2. Specimen 2-329. Medium-grained, olive-gray adamellite at Cape Uivakh, Lat. 56° 13.8’ N., Long. 
61° 20.0’ W. 

3. Specimen 2-502. Medium-grained, rusty adamellite from Sangmiyokh Bay, outer bay east side, Lat. 
56° 15.8’ N., Long. 61° 47.5’ W. 

4. Specimen 2-332. Medium-grained, rusty adamellite from Kheblertaluk Island north point, Lat. 56° 
13.7’ N., Long. 61° 31.5’ W. 

5. Specimen 2-908. Coarse-grained, rusty granite from Gussy Islet, Lat. 56° 16.5’ N., Long. 61° 52.6’ W. 

6. Specimen 2-910. Medium-coarse-grained, medium-olive-gray granite from hill top north of Sangmi- 
yokh Khikkertaluk Island, Lat. 56° 17.9’ N., Long. 61° 52.3’ W. 

7. Specimen 2-909. Medium-grained, very pale-brown granite from adamellite margin at U-pond north 
of Sangmiyokh Khikkertaluk Island, Lat. 56° 18.0’ N., Long. 61° 51.9’ W. 


appreciable proportion of the mafics in Nos. 1 Commonly the biotite facies exhibits intru-| 
and 8 of Table 2 and in No. 9 of Table 1. sive relations toward the other facies. The in-| 
Those in Table 2 were classed with the biotite trusions vary from recognizable dikes to irregu- | 
facies because of the low total mafics in No. 8 lar bodies. Because the rocks are transgressive, 


and the presence of fluorite in No. 1, combined ll the analyses in Table 2 except No. 7 and 
with its transgressive contacts toward adamel- possibly No. 2 might have been included among 
lite of the fayalite facies. Rounded grains of the the dike rocks (Table 5). However, some of the 
dark-orange mineral in Nos. 5 and 6 of Table irregular bodies may be too extensive to class 
2 suggest gradation of the biotite facies toward as dikes, and the facies is sufficiently distinct 
the fayalite facies. to be conveniently isolated. 

Rocks of the biotite facies are pale gray, The fayalite facies is represented by the 
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TABLE 4.—MopaAL ANALYSES OF THE HYPERSTHENE FACIES OF ADAMELLITE 










































































(In volume per cent) 
1 2 3 4 5 6 an ee a 11 

ee ere 67.1 | 57.8) 52.3) 50.0) 57.5 | 60.8f |45.5}64.456.6) 24 | 19.7 
ER ood a siaitiondisiatinress ee 4.0} 2.9) 5.6) 7.0) 6.8] 9.6 |13.3) 5.2/15.8) 43 | 39.2 
ee eee eee P | 2.4 4.9 | 18.3 |26.4/22.3/16.2) 23 | 32.3 
BI acy xcs Seals sips a Wetec acess ? 
eter E 8.8 14.9) 9.6| 3.8 | 5.3 2 
ha 20.9 5 4}7-4 20.0, 9.7| 3.0 | 4.2\ 4 olf? }s . 
NS 56h che so state acces HSS 1.5, $26 oa A 1s] OO S 

MI a5 andi adceioian Siacegen nares 6.4} 1.0) 2.4) 1.7 3 a 1 EO DA 1 4S a 
See ere ce 1.2% S.2| 5.5 49. 471 3H 1424 3 SS 618 
ass ate ctsaedtesweRegens 3 6 a ie 8 3 4, P 8] P og 
Re eas CK a Ree ots ntaene P Pp P ri? be iF P 
ee P Pp bg 4 r 
IE oh. scp’, a aeigiah piers ss ako P P Pp ? 
An molecular % in plagioclase....| 45 |31-53|28-52| 32 |36 & 50/40 & 48) 40 | 27 | 24 | 19 |30 & 50 
Johannsen classification.......... }2211’ | 2212/2211’ | 2211’| 2211’ | 227’ |227’ | 227'| 227'|226”| 226’ 
No.of points counted.......... .|1620 1471/1525 |1327 | 1314 1486 /1961/1857/722 | 1439 
P—A small amount present. ?—Amount small and identification questionable. 

*Includes elongate grains that may well be graphite. 

tIncludes 27.9% xenocrysts of anorthositic andesine-labradorite with minute oriented dark rod in- 
clusions. 


1. Specimen 2-896. Medium-grained, pale olive-gray monzodiorite from adamellite marginal zone on 
Tessiuyakhsoakh Bay, south shore point near bay head, Lat. 56° 16.5’ N., Long. 62° 03.8’ W. 

2. Specimen 2-903. Medium-grained, moderately dark-yellowish-gray diorite from adamellite marginal 
mneat falls near mouth of Koghaluk Brook, Lat. 56° 09.5’ N., Long. 61° 46.0’ W. 

3. Specimen 2-902. Medium-fine-grained, moderately dark-olive-gray syenodiorite from marginal zone 
of adamellite on Koghaluk Brook at Side Brook fork. 

4. Specimen 2-919. Fine-grained, saccharoidal, olive-gray (SY4/2) syenodiorite cognate inclusion in 
adamellite on largest island in Sangmiyokh Bay, Lat. 56° 16.2’ N., Long. 61° 49.3’ W. 

5. Specimen 2-912. Medium-fine-grained, quite dark, slightly olive gray syenodiorite from the adamellite 
margin near hill top U-pond northwest of Sangmiyokh Bay, Lat. 56° 18.0’ N., Long. 61° 51.9’ W. 

6. Specimen 2-743. Coarse-grained, rusted olive-gray granodiorite from adamellite marginal zone near 
highest summit of Uyaghakhsoakh Island, Lat. 55° 58.2’ N., Long. 61° 05.4’ W. 

7. Same analysis as No. 6 after subtraction of 27.9% anorthosite xenocrysts and recalculation to 100%. 

8. Specimen 2-745. Medium-grained, pale-brown granodiorite from adamellite marginal zone near 
highest summit of Uyaghakhsoakh Island, Lat. 55° 58.2’ N., Long. 61° 05.4’ W. 

9. Specimen 2-746. Medium-grained pale-olive-gray granodiorite from adamellite marginal zone on 
mainland point west of Uyaghakhsoakh Island, Lat. 55° 58.3’ N., Long. 61° 07.5’ W. 

10. Specimen 2-328. Medium-coarse-grained, moderately dark-yellowish-gray adamellite, principal 
tock at Cape Uivakh, Lat. 56° 13.8’ N., Long. 61° 20.0’ W. 

11. Specimen 2-899. Medium-coarse-grained, rusty granite from adamellite contact north of Tessiuy- 
akhsoakh Bay head, Lat. 56° 18.2’ N., Long. 62° 02.6’ W. 


modal analyses of Table 3. Only eight speci- The high proportion of granites (family 6’ 
mens were collected within the map area, and_ in Table 3 is noteworthy, especially since Jo- 
its areal extent is probably small. The largest hannsen (1932, vol. 2, p. 131) calls attention 
Single area thought to be underlain by it is to the absence of published modal analyses for 
centered near Lat. 56° 14’ N., Long. 61° 50’ W. _fayalite-bearing granites. With only one grano- 
and extends from the hills south of Khikker- diorite of family 7’ to balance the granites, 
tauyaluk Peninsula to Sangmiyokh Bay. characterization of the group as adamellite 
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might be questioned if it were not for the close 
association with the much more extensive horn- 
blende facies. 

Plagioclase in individual specimens of this 
facies is more variable in composition than it 
is in the hornblende facies or biotite facies. 
This suggests a lack of adjustment possibly 
from marginal chilling. No microcline twinning 
was noted in fayalite rocks. Hypersthene is 
recorded in only one specimen (Table 3, No. 5). 
Here the pyroxenes occur as remnants enclosed 
by hornblende having Z moderate olive, 
10Y4/4, or a colorless massive amphibole 
partly in bladed masses and partly in optical 
continuity with the massive olive hornblende. 
Hypersthene grains are too scarce for certain 
optical identification. If it is present it is best 
interpreted as an unstable relic embedded in 
amphibole. 

All specimens belonging to this facies are 
rusty or, where fresh, olive gray. 

The relations between the fayalite facies and 
the other facies, and its zonal position are con- 
fused. The large mass of the fayalite facies in 
the Khikkertauyaluk Peninsula area, repre- 
sented by analysis 3, Table 3, belongs to the 
interior zone and is cut by a dike of the biotite 
facies. Two of the specimens (Table 3, Nos. 4, 
5) are coarse enough for the interior zone. No. 
4 appears to enclose blocks of hornblende ada- 
mellite (Table 1, No. 9), while No. 5 occurs as 
vague small schlierlike masses in hornblende 
adamellite (Table 1, No. 7). The rock repre- 
sented by No. 2, Table 3, was interpreted from 
insufficient field evidence as a large mass cutting 
rock of the hypersthene facies (Table 4, No. 
10). Nos. 6 and 7 of Table 3 belong to the mar- 
ginal zone of the adamellite. Low K feldspar 
and high pyroxene in some rocks of the facies 
suggest they formed early in the series, while 
the high proportion of K feldspar in others, 
and the presence of fluorite in one specimen 
suggest that these rocks formed late in the se- 
ries. Variations of anorthite in plagioclase sup- 
port such an interpretation. These conflicting 
data can be reconciled only by additional ma- 
terial. 

The hypersthene facies (Table 4) is a collec- 
tion of rock types that have little in common 
beyond their association with the adamellite 
margin and the predominance of pyroxene 
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among the mafics. This facies is almost entip 
confined to a zone less than a mile wide at ; 
margin of the adamellite, and to small dike; 
and near the margin. It constitutes only a y 
small proportion of the total area underlain 
the intrusive. Some fine-grained saccharoj 
inclusions with a composition characteristic 
this facies are probably cognate. Their § 
grain indicates they are fragments from { 
marginal zone (Table 4, No. 4). The number 
specimens and modal analyses from rocks 
this facies is disproportionately large beca 
of their uncertain field relations, nondeser; 
appearance in the hand specimen, and varialj 
mineralogy. 

There is much less quartz and K feldspar 
rocks of the hypersthene facies than in th 
of the other facies. Granodiorite (227’) predo 
inates, followed by syenodiorite (2211’) ; 
diorite (2212). Adamellite (226”-7”) and gra 
ite (226’) are rare. 

The quantitative distinction between hyp 
sthene and clinopyroxene in a modal analy: 
is difficult and was not attempted in some ca 
Where given, the value for each pyroxene 
only approximate, but the sum of the two kh 
the accuracy indicated by the length of t 
analysis traverse. 

Some rocks of this facies contain two distin 
plagioclases. The more calcic is characterizd 
by minute oriented dark rod inclusions, and th 
more sodic by blocky antiperthitic inclusion 
The former is characteristic of the anorthosit 
and the latter of the adamellite. Therefore 
calcic feldspars are interpreted as xenocrys 
from the anorthosite. In one analysis (Table 
No. 6) the relative amounts of these two fel 
spars could be measured conveniently. No. 
is the result of subtracting the xenocrysts frot 
No. 6 and recalculating to 100 per cent. | 
should give the approximate composition th: 
would have developed if plagioclase had bee 
the only addition. However, it shows no strik 
ing similarity to any other analysis, suggesti 
that it has been contaminated by more tha 
plagioclase. 

Even where K feldspar forms a significatg 
part of the thin section, no microcline twinniD 
was observed in this facies except for Nos. 
and 9 of Table 4. 

In many rocks of this facies there is a hig 
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TABLE 5.—MOopAaAL ANALYSES OF DIKE Rocks ASSOCIATED 
(In volume per cent) 


WITH THE ADAMELLITE 
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P—A small amount present. 


?—Amount small and identification questionable. 


*Asmall amount of a dark-orange mineral, possibly derived from olivine, present. 

t Fibrous yellowish alteration product of hypersthene. 

{Chiefly chlorite with some fibrous amphibole. 

1. Specimen 2-749. Medium-grained, porphyritic, dark-gray diorite, irregular reticulation, cutting 
amorthosite near adamellite, Tunungayualuk Island, southwest flexure point, Lat. 56° 02.4’ N., Long. 61° 


1.0’ W. 





2. Specimen 2-904. Medium-grained, with pale-yellowish-gray leucocrats coarsely reticulated by ag- 
gegate mafics. Granodiorite cutting adamellite marginal zone, falls near mouth of Koghaluk Brook, Lat. 
5 09.5’ N., Long. 61° 46.1’ W. i 

3, Specimen 2-613. Medium-grained, weak-yellow (5Y7/4) granodiorite cutting anorthosite on Middle 
Isand, Lat. 56° 18.6’ N., Long. 61° 36.5’ W. 

4. Specimen 2-614. Medium-grained, gray granodiorite dike cutting anorthosite on Hare Island, Lat. 
5° 18.9’ N., Long. 61° 37.2’ W. 

5. Specimen 2-591. Fine-grained, dark-yellowish-gray granodiorite dike cutting anorthosite on shore 


ast of Kangerdlualuk Bay mouth, Lat. 56° 20.1’ N., Long. 61° 45.2’ W. 


6. Specimen 2-918. Medium-fine-grained, porphyritic, light-gray granodiorite dike cutting anorthosite 


om Sangmiyokh Bay north shore, Lat. 56° 16.8’ N., Long. 61° 46.7’ W. 


7. Specimen 2-595. Medium-fine-grained brownish-gray adamellite body cutting anorthosite on Khar- 
marsuk Point, Lat. 56° 16.8’ N., Long. 61° 34.9’ W. 
8. Specimen 2-913. Medium-fine-grained gray adamellite cutting marginal zone adamellite at hill top 
U-pond northwest of Sangmiyokh Bay, Lat. 56° 18.0’ N., Long. 61° 51.9’ W. 
9. Specimen 2-731. Medium-grained, olive-gray adamellite dike cutting anorthosite on first islet west 
of Davis Inlet Post, Lat. 55° 51.8’ N., Long. 60° 53.6’ W. 
10. Specimen 2-916. Medium-grained, pale-pink granite cutting anorthosite on Sangmiyokh Bay north 
shore, Lat. 56° 16.8’ N., Long. 61° 46.7’ W. 


content of black ore that is sufficiently magnetic 
o indicate a large proportion of magnetite. In 
the thin section of No. 1, Table 4, much of the 
black opaque has elongated, rough-surfaced 
forms suggesting graphite. This mineral might 
well occur as a result of contamination since 


graphite is quite abundant in the near-by 
gneisses. 
When fresh, most of the specimens are olive 
gray; few are medium gray. 
The facies classification is uncertain for sev- 
eral specimens containing clinopyroxene as an 
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important mafic mineral. In some neither faya- 
lite nor hypersthene is found. In others hyper- 
sthene is associated with either small amounts 
of fayalite or the dark-orange mineral (aitera- 
tion product of fayalite?). Possibly such rocks 
are gradational between the hypersthene and 
fayalite facies. Refractive-index determinations 
on the clinopyroxene might clarify such doubt- 
ful cases. No. 10 of Table 4 is one of these. 
Because of the high hornblende: clinopyroxene 
ratio it was first classed with the hornblende 
facies, but its pale olive-gray color is more 
characteristic of the fayalite or hypersthene 
facies. Since there is an igneous contact between 
it and No. 2 of Table 3, which is unquestion- 
ably a member of the fayalite facies, the rock 
in question is tentatively grouped with the 
hypersthene facies. 

Analyses of dike rocks thought to be con- 
nected with the adamellite are given in Tables 
5 and 2. Except for the large biotite adamellite 
masses, almost all the dikes are narrow. Areal 
density is not great except for local reticulations 
of small dikes, and the volume of rock repre- 
sented by the analyses of Table 5 is small. 

Many of the dike rocks not belonging to the 
biotite facies contain more plagioclase than K 
feldspar, and rocks of the hypersthene facies 
predominate. This combination of basic charac- 
ter and early crystallization suggests that most 
of the dikes are an early phase of the adamellite 
intrusion. Probably the dike magma was more 
basic than the main intrusive. Otherwise a large 
mass of basic differentiate should have sepa- 
rated from the magma to cause the main body 
of the intrusive, as now exposed, to be as acidic 
as adamellite. There is no evidence of such a 
mass. These more basic dikes are similar in 
composition to the marginal-zone rocks (Table 
4). Both groups have about the same distribu- 
tion in Johannsen’s classification and among 
the adamellite mineral facies. Many are high 
in black ore, and their K feldspar rarely shows 
microcline twinning. They probably have the 
same mode of origin. 

The last four analyses of Table 5 represent 
more acidic rocks; three are adamellite and one 
granite. Hornblende is the most abundant mafic 
in all but one, in which chloritization has ob- 
scured the original mafic. Microcline twinning 
is present in the K feldspar of No. 9. These 


E. P. WHEELER—ADAMELLITE INTRUSIVE, LABRADOR 





rocks seem best correlated with the hornbleng 
facies and may be interpreted as dikes of th: g 
main adamellite magma that have penetrated 
the marginal zone of the intrusive and the a¢.' 
jacent anorthosite. 

Distribution of the dikes of the biotite facie: 
(Table 2) in Johannsen’s classification is strik. 
ingly different from that of the other dikes 
Only two are as basic as granodiorite, while two 
are granites with a low proportion of plagio-) 
clase. Their more acid character, the promi- 
nence of biotite, and the common occurrenc| 
of fluorite indicate that these dikes are late 
differentiates of the adamellite magma. Some) 
of them are pegmatitic and are so coarse. 
grained that modal analyses could not be made 
Biotite books several inches across were noted 
in one of these dikes on the biggest island in 
Sangmiyokh Bay, Lat. 56° 16.2’ N., Long. 61°| 
48.6’ W. Rarely the differentiation has pro- 
gressed so far that massive quartz cores have 
developed at enlargements of pegmatitic reticu- 
lations. Occasionally coarsely pegmatoid and 
finely aplitic portions alternate in a single dike 
mass. 

On Tessiuyakhsoakh Bay south shore west 
of Kheblertaluk Island, Lat. 56° 13.0’ N., Long. 
61° 37.2’ W., and on the southmost point of 
Uyaghakhsoakh Island, Lat. 55° 57.4’ N., Long. 
61° 04.3’ W., pale-green amazonite was found 
in pegmatitic dikes that appear to belong to 
this group. 





Facies Interrelations 


In Figure 2 the sum of quartz, K feldspar, 
and plagioclase of each modal analysis in Tables 
1-5 has been recalculated to 100, and the result 
plotted on a triangular diagram. No. 7 of Table 
4 was used instead of No. 6, and only half the 
plagioclase of No. 5, Table 4, was used in the 





computation. This should roughly compensate 
for the plagioclase xenocrysts present in these 
two specimens. | 
The outstanding feature of this diagram is 
the comparatively small area within which all 
the analyses of the hornblende facies fall. They 
represent the main bulk of the intrusive and 
indicate a quite uniform composition with the 
three minerals in roughly equal amounts. 
The members of the biotite facies show con- 
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siderably more scattering. Except for the analy- 
sis with the highest plagioclase content (No. 2 
of Table 2 which has uncertain field relations) 
the analyses tend to run higher in quartz and 
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troduction of K feldspar and quartz. Further 
to investigate this question, which becomes im- 


portant in view of the textures of the adamel- 


lite, Figure 3 was constructed. In it the anor- 


x dike rocks 
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FIGURE 2,—RELATIVE AMOUNTS OF QUARTZ, PLAGIOCLASE, AND K FELDSPAR IN ROCKS OF 
THE ADAMELLITE SERIES 


K feldspar than the members of the hornblende 
facies. This might be expected of later differen- 
tiates from the same magma. 

Since most of the rocks in the biotite facies 
are from dikes, they can form a group with the 
dike rocks. The field of this combined group 
covers most of the area within which all the 
other groups fall. This distribution suggests that 
the dikes represent samples drawn from the 
magma at every stage of the differentiation, 
with the late and early stages predominating. 

Members of the fayalite facies are as badly 
sattered as those of the biotite facies, and it 
seven more difficult to determine a center of 
distribution for them. This emphasizes the 
uncertain relation of this facies to the others. 

There is extreme scattering of the hyper- 
sthene facies also. Its center of distribution is 
shifted toward the plagioclase corner. This is 
the expected variation in the first material to 
consolidate from a magma, and field evidence 


_ indicates that the hypersthene facies formed 
) early, 


All the features of the diagram fit a theory of 


_ Magmatic differentiation without extensive in- 


thite content of the plagioclase in the modal 
analyses of Tables 1-5 has been plotted against 
the ratio of K feldspar to total feldspars. The 
field covered by the dike rocks includes the 
fields of all the other groups. Of the 11 dikes, 
8 are from anorthosite outside the adamellite 
area. If large-scale replacement of their plagio- 
clase has occurred, similar replacement of 
plagioclase in the adjacent anorthosite would 
be expected. Anorthosite both adjacent to the 
dikes and in inclusions within the main adamel- 
lite shows no field evidence of such replacement, 
and thin sections contain only the small amount 
of accessory quartz that might be expected 
from contact metamorphism by the adamellite. 
Quartz and K feldspar values in No. 1, Table 
6, are the highest seen in any section of anor- 
thosite near the adamellite. The large amount 
of secondary fibrous amphibole indicates an 
unusual amount of hydrothermal activity of a 
much lower grade than that required to account 
for the high quartz and K feldspar content in 
fresh adamellite. No. 3, Table 6, is more typical 
of the anorthosite at the adamellite contact. 
Thus the high quartz and K feldspar in some 
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TABLE 6.—MopAt ANALYSES OF Rocks INVADED BY THE ADAMELLITE 


(In volume per cent) 
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| 8 | 9 | 
INN avis rnasencoxeies 45.8 | 56.2 | 94.1 | 73.6 | 72.5 | 45.2 | 39.3] 12 | 31 | 37 
IR Sic pnccsorstacacoies aie’ 1.2 BS (Pri; a | 36 35 | 25 
IY sg solecciatnirckaaiavons 5.2 14.8; 2.1] | 24 | 33 
Nears Stare oka aio wad ct 20.7 5:5 | | 
CHMOPYFORENE..... 6.02055 3.8 Ns 2* 2 8 | | 7.7 | W224 
Hypersthene................. TT 3.2| 6.2 | | 2? | 9 4 
EE xian scepiop sedis 7.2} 11.4| 1.6 | | 40.4 | 14.0 | | 
NE ih gkascpwesaies 4.5| 6.3 8.8| 3.4) 4/161; 5 | 5 | 
EES i cok soci n sixes | 9 7/ P | 4.8] 1.3} 3.9] 3.2% 1 1.5| P 
ND hdenenes cca aadoas | 1.4 5| P S|] 6| 3] 13) 
NS cei rrcite ation <eveiaid ois P r | i 2 
Secondary amphibole......... 28.6 2} | 13.5] 
Chloritic material............ P | 1.8 | | | 1.5 
RII 6 sisis ices can gases P | tae 
rere | | | | | e@iain 
Ee tick Gas balaeyaaataas | | 4 
EE ae re | | aa! ta 
NI 654. Scirec ks Se inscaiwigieaiors oie | Be; 
An molecular % in plagio- | 
° Rae aes RARE 49 | 51-59} 52 | 47 38 | 37 | 62 | 20% | 2004} 2 
Johannsen classification. ...... | 228 | 2312 | 1312 | 2212 | | | 
Length of traverse............ | 1503 | 105 | 1957 | 1189 | 106 | 65 | 1267 | 889 | 333 | 955 
| pts. mm. pts. | pts. | mm. | mm. pts. | pts. pts. | pts. 
Additional points in torn holes... | | | | 10 17 | 
P—A small amount present. ?—Amount small and identification questionable. 


* Hypersthene predominates. 

Tt Nearly half yellow ore. 

1. Specimen 2-906. Anorthositic inclusion in adamellite margin. Falls near mouth of Koghaluk Brook, 
Lat. 56° 09.5’ N., Long. 61° 46.0’ W. 

2. Specimen 2-858. Hornblende-olivine gabbro inclusion in adamellite, White Hill north summit, Lat. 
56° 18.5’ N., Long. 61° 58.3’W. 

3. Specimen 2-914. Uralitized anorthosite near adamellite contact on Sangmiyokh Bay east shore, Lat. 
56° 16.0’ N., Long. 61° 47.3’ W. 

4. Specimen 2-730. Olivine-biotite diorite from islet west of Davis Inlet Post, Lat. 55° 51.8’ N., Long. 
60° 53.5’ W. 

5. Specimen 2-868. Hypersthene tonalitic gneiss from WSW. of Kangerdlualuk Bay head, Lat. 56° 
20.1’ N., Long. 61° 59.5’ W. 

6. Specimen 2-862. Clinopyroxene-hornblende meladioritic gneiss from pass at head of brook to Kan- 
gerdlualuk Bay head, south side, Lat. 56° 21.1’ N., Long. 62° 00.7’ W. 

7. Specimen 2-321. Pyroxene-biotite-hornblende melagabbroic gneiss from Satokh Island west end, 
Lat. 56° 18.8’ N., Long. 61° 17.6’ W. 

8. Specimen 2-893A. Biotite-hypersthene granitic gneiss band in gneiss at 1100-foot summit of massif 
south of Hardhead Brook, Lat. 56° 15.7’ N., Long. 62° 06.5’ W. 

9. Specimen 2-893B. Biotite-cordierite monzonitic gneiss band containing sillimanite in gneiss at 1100- 
foot summit of massif south of Hardhead Brook, Lat. 56° 15.7’ N., Long. 62° 06.5’ W. 

10. Specimen 2-894. Leucoadamellitic gneiss with accessory cordierite and sillimanite. Band in gneiss at 
1100-foot summit of massif south of Hardhead Brook, Lat. 56° 15.7’ W., Long. 62° 06.5’ W. 
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othe dikes associated with the adamellite ap- 
pars to be primary. Probably the similar min- 
en assemblages of the main adamellite body 
havea similar origin. 
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ends and the wall rock begins. Reticulation of 

the anorthosite by granitic material near the 

adamellite margin is shown (PI. 1, fig. 1). 
Generally the wall rock and near-by inclu- 
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FicverE 3.—RELATION BETWEEN MOLECULAR PERCENTAGE OF ANORTHITE IN PLAGIOCLASE AND RATIO 
or K FELDSPAR TO TOTAL VOLUME OF FELDSPARS IN ROCKS OF THE ADAMELLITE SERIES 


The trend in Figure 3 is from plagioclase with 
high anorthite content in rocks with a high 
proportion of plagioclase to low anorthite con- 
tent in plagioclase of rocks with a high propor- 
tion of K feldspar. This trend would be expected 
in rocks representing a normal differentiation 
sties. Insofar as the pattern has resulted from 
introduction of K feldspar, the trend should be 
horizontal. The spread is so wide that the dia- 
gram is not conclusive, but scattering can be 
accounted for by many factors other than re- 
placement, such as incorporation of xenocrysts 
from the anorthosite, variable development of 
homblende at the expense of modal pyroxene 
and plagioclase, and errors in determining pla- 
gioclase composition or modal composition. The 
diagram favors variation resulting from differ- 
entiation rather than subsequent introduction 
of K feldspar. 


Xenoliths and Margins 


The most prominent structural feature of the 
adamellite intrusive is abundant inclusions. A 
few are found even in the central portions of 
the intrusive. Toward the margins they become 
Increasingly abundant until in many places it 
is difficult to determine where the adamellite 


sions are similar; this correlation is helpful in 
determining the proximity and character of the 
wall rock. There are exceptions, however, as on 
Nuasornakulluk Island northeast point, Lat. 
56° 14.5’ N., Long. 61° 24.2’ W., where gneiss 
inclusions accompany anorthosite inclusions on 
the anorthosite side of the inferred anorthosite- 
gneiss contact. On Uivarsuk Island, 1.5 miles 
east-southeast, anorthosite inclusions occur in 
the adamellite on the gneiss side of the same 
anorthosite-gneiss contact. The contact might 
be shifted to account for one of these occur- 
rences, but extreme contortion would be neces- 
sary to account for both. The occurrence is good 
evidence that the adamellite reached its present 
position as a fluid. Matching edges of some 
anorthosite inclusions near the margin also 
indicate that the fragments have been sepa- 
rated by magmatic flow rather than by re- 
placement by adamellite. Increasing variability 
in the attitude of gneiss banding as the amount 
of reticulating adamellite increases in the sec- 
tion south of Hardhead Brook, Lat. 56° 15’ N., 
Long. 62° 05’ W., indicates displacement of 
wall-rock fragments made mobile by the magma 
between them. 

Near the margin of the intrusive angular to 
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subangular inclusions indicate little corrosion 
by the magma (PI. 1, fig. 2). Away from the 
margin inclusions tend to be more rounded, and 
some assimilation may have occurred. Even in 
some sections quite close to the adamellite mar- 
gin, ason the east and north sidesof Akhpiktokh 
Island, Lat. 56° 13’ N., Long. 61° 15’ W., gneiss 
inclusions are rounded, and the adamellite has 
a variable character suggesting contamination 
and ghosts of inclusions. Only rarely is there a 
gradation between adamellite and gneiss inclu- 
sions which might be interpreted as replacement 
or soaking. 

There is a small proportion of rounded, fine- 
to medium-grained, somewhat saccharoidal 
basic inclusions. They do not resemble any of 
the major rock types known to be invaded by 
the adamellite but are similar to some of the 
rocks of the adamellite marginal zone, and some 
even contain poikilitic hornblende. They are 
interpreted as cognate inclusions (Table 4, No. 
4). This rock occurs near anorthosite inclusions, 
but there is no transition in texture or com- 
position between the two. 


Mode of Emplacement 


The transgressive adamellite contact against 
gneiss, characterized by abundant included 
fragments and apophyses, is in striking contrast 
to the concordance of the anorthosite-gneiss 
contacts (Wheeler, 1942, p. 637). It is often 
difficult to tell where the banded marginal 
anorthosite ends and the invaded gneiss begins. 
Different conditions of intrusion are indicated 
by such a contrast. Intrusion of the anorthosite 
in the zone of flow and of the adamellite in the 
zone of fracture could account for the observed 
differences in contact. This would imply a long 
interval to permit the great changes in the 
pressure-temperature conditions necessary to 
change the environment from the zone of flow 
to the zone of fracture. If the anorthosite were 
highly viscous when intruded, it would not 
readily penetrate fractures in the walls, and 
the viscous drag along the walls would produce 
concordance of structure. A highly fluid ada- 
mellite magma intruded under the same exter- 
nal conditions could penetrate fractures and 
develop the abundant apophyses and _ inclu- 
sions observed. There is no good evidence to 
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rule out either alternative. However, the per. 
sistent association of rocks resembling the ada- 
mellite with anorthosite intrusions in different 
parts of the world suggests that they are con- 
sanguineous and not likely to be separated by 
a major time interval. Thus a difference in vis. 
cosity of the two magmas with no great time 
interval between them seems more likely. Pos- 
sibly the fluid adamellite intrusion can be sub- 
divided into the main intrusion and an advance 
wave of more basic material, as suggested in 
the section on the petrology of the dikes asso- 
ciated with the adamellite. 


Flow Structures 


Structures resulting from flowage in the ada- 
mellite, either magmatic or plastic, are rare and 
are nowhere strongly developed. Occasionally, 
slight banding or a tendency toward uniform 
dimensional orientation of inclusions can be 
seen, but it is too vague for reliable measure- 


ments. Possibly the best development of band- F 


ing is near inclusions and bends around them, 
indicating a primary structure. 

Around the hill north of Uncle Sam Bight, 
Lat. 56° 13.7’ N., Long. 62° 03.0’ W., the band- 
ing of gneiss inclusions trends east-west, nearly 
at right angles to the regional attitude of the 
near-by wall-rock gneiss. This uniform reorien- 
tation within the adamellite can be accounted 
for if the gneiss broke into slabs elongated in 
the plane of the banding and there was sufficient 
differential movement in the magma to orient 
these slabs. No exposures were good enough to 
check the form of these large inclusions. 

Rarely, small, short, leucocratic pegmatitic 
to aplitic dikes lie perpendicular to the plane 
of uniformly oriented inclusions, suggesting that 
the forces which caused flow in the magma con- 
tinued after consolidation and resulted in slight 
stretching of the adamellite. 


Absence of more pronounced flow structures | 


indicates little differential movement and there- 
fore little stress in the region since the adamel- 
lite magma became sufficiently consolidated to 


preserve flow structure. In the main adamellite, 7 


possibly the best flow banding was noted be- 
tween inclusions near the margin of the intru- 
sive. This could be the result of only slight total 
differential movement concentrated in the chan- 
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ws between the included masses. Similar local- 
ztion would account for indications of flow 
ai stress in dikes associated with the adamel- 


lite 
Form of the Intrusive 


The few measurements on flow banding in 
gamellite around the outer part of Sangmiyokh 
hay, Lat. 56° 16’ N., Long. 61° 50’ W., indi- 
cate a general northwest strike and moderate 
wuthwest dip. This is roughly parallel to the 
tke of the near-by adamellite margin, and, if 
itis indicative of the dip also, the adamellite 
overlies anorthosite in this section. On the islet 
at the south entrance point of Zoar Bay, Lat. 
56° 07.1’ N., Long. 61° 21.2’ W., small leuco- 
cratic dikes perpendicular to the plane of inclu- 
sions in the adamellite strike N.35° W. and dip 
4 SW. They suggest the adamellite may have 
risen quite steeply from beneath the anorthosite 
tothe northeast. Fow-structure data are inade- 


| quate for determination of the general form of 
' the intrusive. 
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The biotite facies may be considered a late 
differentiate of the adamellite magma because 
minerals late in the reaction series are more 
prominent in it, and because it tends to be peg- 
matitic. This facies appears to be most abun- 
dant in the hills westward from Kheblertaluk 


' Isand, Lat. 56° 12’ N., Long. 61° 38’ W. Since 
_ this region is far from the sides of the adamel- 


lite body, the biotite facies may here indicate 


_ proximity to the roof of the intrusive. 


Around the northwest margin of the body, 
where the mapping is more detailed, tapering 


__ | «amellite tongues appear to penetrate into and 
titic F 


between the older formations. Distribution of 
outcrops on Uyaghakhsoakh Island, Lat. 55° 
3’ N., Long. 61° 05’ W., suggests that here 
also the adamellite penetrates along contacts 
between anorthosite and gneiss. 

The adamellite apophyses vary considerably 
insize; the largest are closest to the main body. 
The apparent detachment of these larger bodies 
is probably the result of the way the land sur- 
face intersects tapering tongues projecting from 
the main body. 

Dikes petrographically similar to the ada- 
nellite occur as much as 5 miles from its mar- 
gin, in the anorthosite along the north edge of 
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the map area. Possibly leucocratic dikes much 
farther within the anorthosite have the same 
origin. No modal analyses of dikes related to 
the adamellite and cutting the gneisses are given 
in Tables 2 and 5, partly because the origin of 
dikes in these oldest and most variable rocks of 
the region is more uncertain than in the anor- 
thosite, and partly because field work and col- 
lecting have been less extensive in the gneiss 
areas. However, such dikes probably occur in 
the gneisses. 

The saddle form and tapering ends of the 
intrusive suggest it may be a phacolith. The 
tapering adamellite tongues penetrating 
between gneiss and anorthosite would fit in 
with this interpretation. However, the evidence 
indicates that anorthosite occurs on both the 
north and south margins of the adamellite 
through much of its length, so that the adamel- 
lite cannot be interformational. Also there is 
no indication of important tectonic activity 
subsequent to consolidation of the anorthosite, 
which is so obviously intruded by, and there- 
fore older than, the adamellite. Unless addi- 
tional evidence refutes these conclusions the 
adamellite body cannot be a phacolithic intru- 
sion. 

The angular form of the contacts between 
adamellite, anorthosite, and gneiss near the 
long lake on Toma Brook, Lat. 56° 12.5’ N., 
Long. 62° 04.0’ W., is based on topographic 
linears that seem to coincide with the contacts. 
They suggest faulting, but no other evidence 
was found. 


Textures 


The interior of the adamellite is coarse- 
grained, while the marginal zone and dikes are 
more commonly medium-grained. Where rock 
near the margin is coarse-grained it commonly 
has intrusive relations toward marginal-zone 
rock. It is probably material from the interior 
zone which has filled fractures in the marginal- 
zone rock during consolidation. 

The blocky feldspar phenocrysts that are so 
evident in many hand specimens are difficult 
to detect under the microscope because the 
other minerals interfere with their margins, 
preventing euhedral development, and because 
there is no marked indication of two generations 
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of feldspar. Examination of powder from the 
largest feldspar grains in a number of hand 
specimens shows they are not exclusively one 
kind of feldspar, even in a given hand speci- 
men. Some are K feldspar, some plagioclase, 
and some a mixture of the two. 

Xenocrysts of plagioclase from the anortho- 
site occur in the hypersthene facies of the ada- 
mellite. They were noted in the marginal zone 
near anorthosite contacts and stand out as 
coarse, dark-gray blocky grains in the rusty 
medium-grained rock. Commonly the andesine- 
labradorite core containing dark rod inclusions 
is irregularly rimmed by more acid plagioclase 
with antiperthitic inclusions characteristic of 
the adamellite. It represents material added to 
the xenocryst during consolidation of the 
magma. The dark rod inclusions of the xeno- 
crysts give way to minute rounded opaque 
grains at the edge of the original xenocryst 
area, and in places along ill-defined streaks 
through it. Apparently their form has been al- 
tered by the action of the adamellite magma 
on the surface of the xenocryst and on zones 
through it that may be healed fractures. 

The most striking textural feature through- 
out the adamellite series is the prevalence of 
mineral intergrowths. All the major constitu- 
ents of the rock are involved in these inter- 
growths. Their significance is ambiguous, and 
the structural relations of the rocks involved 
is an important factor in the interpretation of 
the textures. 

The poikilitic development of hornblende, so 
prominent in hand specimens, is less obvious 
in thin section. In many sections it is indicated 
only by the uniform optical orientation of 
widely scattered, irregular, independent grains, 
These apparently separate individuals are xeno- 
morphic, with undulatory contacts toward leu- 
cocrats that suggest simultaneous growth. In- 
clusions near the centers of the big blocky 
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feldspars in the hand specimens indicate th; 
at least some hornblende crystallized early j 
the period of feldspar formation. Poikilitic 4 
velopment may be caused by a long crystalliz, 
tion period for hornblende. 

Where biotite is poikilitic in the hand spec, 
men, this texture is even more difficult to deteg 
in the thin section than is the poikilitic textuy 
of hornblende, since the units are usually mud 
smaller, and therefore fewer parts are cut bj 
the section. In thin section it appears mosth 
as massive flakes bounded by cleavage surfacs 
but with irregular ends that penetrate feld 
spars. Orientation appears random, and ther 
are no indications of strain. 

Pyroxenes, especially hypersthene, show mor 
obvious poikilitic development than the other 
minerals since the areas of uniform optic orien: 
tation are close enough for the connection be 
tween them to be easily traced. The parts thai 
make up the poikilitic mass are rounded ani 
tend to be irregularly automorphic. Their fom} 
resembles that of the independent pyroxene 
grains. These range from irregularly rounde( 
with undulate contacts toward feldspar t 
roundly euhedral. Clinopyroxene occurs chiefly 
as rounded automorphic grains and only rarely 
in poikilitic patches. It also occurs as ragged} 
remnants in hornblende. The massive characte! 
of the hornblende and its irregularly undulate 
outlines indicate its formation from pyroxent 
by magmatic reaction. The pyroxenes began to 
crystallize early and continued until their form 
was interfered with by later minerals; hyper} 
sthene continued later than clinopyroxene. 

Occasionally the two pyroxenes form lamel: 
lar intergrowths. Each pyroxene has uniform 
optic orientation in these intergrowths, which 
are of two types. In one type very fine lamellae 
in the prism zone of hypersthene are invisible 
in ordinary light but are evident between 
crossed nicols because of their higher interfer- 





PiaTE 1.—OUTCROPS 
FicurE 1.—PEGMATITIC BIOTITE-BEARING LEUCOGRANITE RETICULATION IN ANORTHOSITE NEAR 





ADAMELLITE MARGIN 
North of outer Sangmiyokh Bay, Lat. 56° 17.18’ N., Long. 61° 49.3’ W. (Table 2, No. 7) 
FicurE 2.—Biocky MARGIN AND APOPHYSES OF PYROXENE GRANITE CUTTING ANORTHOSITE NoRTH 0! 
TESSIUYAKHSOAKH Bay, Lat. 56° 18.2’, N., Lone. 62° 02.6’ W. (Table 4, No. 11) 
FicurE 3.—CLorrep FaBric RESULTING FROM LOCAL CONCENTRATION OF MAFIC 
MINERALS IN ANORTHOSITE 
Tuktuvinekh Island, Lat. 56° 07.4’ N., Long. 61° 14.3’ W. 
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ence color and large extinction angle. No doubt 
they are clinopyroxene exsolution lamellae of 
the type described by Hess and Phillips (1938, 
p. 451-453). The other type consists of coarser 
intergrowths in which the two minerals are 
readily identifiable by their optical properties. 
The clinopyroxene lamellae are roundly irregu- 
lar in outline but are not fine-grained or irregu- 
lar enough to be vermicular. They cut the prism 
zne of the hypersthene. Pyroxene intergrowths 
were noted only in the rocks of the marginal 
zone near the mouth of Koghaluk Brook, Lat. 
56° 10’ N., Long. 61° 45’ W. 

Fayalite crystallized simultaneously with pla- 
gioclase, as shown by undulate contacts between 
them, and moulding of rounded, equant fayalite 
grains about the well-rounded ends of lathlike 
plagioclase grains. These relations are obscured 
by the interference of quartz, K feldspar, clino- 
pyroxene, and hornblende. Rounded lobes of 
quartz, sometines necked, penetrate fayalite 
grains. The K feldspar penetrates less com- 
monly and more irregularly; many of the feld- 
spar grains have slender rounded tongues per- 
haps guided by fractures in the fayalite. 
Penetration by these minerals may be so exten- 


sive that the fayalite grains are reduced to ir- 
regularly scalloped remnants, groups of which 
may have uniform optic orientation, indicating 
they have resulted from corrosion of a single 
crystal. Commonly rounded fayalite grains are 
embedded in massive clinopyroxene or horn- 
blende rimming that looks like a product of 
magmatic reaction. 

Black ore is automorphic, equant when it 
occurs in small grains, generally embedded in 
feldspar, and appears to have consolidated 
early. Many grains are up to 0.9 mm across 
and are more irregular. They have undulate 
contacts with the silicates, indicating simulta- 
neous growth. They are associated with the 
mafics, but occasionally arms of back ore grains 
penetrate between rounded plagioclase grains 
and partly enclose them. Some of the fluidly 
irregular grains are enclosed by massive horn- 
blende, and their form may have resulted from 
resorption which provided material for the 
hornblende. 

Irregularly rounded quartz grains have lobes 
cutting all the major constituents and rounded 
tongues penetrating between them. In Figure 
1 of Plate 2 a quartz tongue penetrates a large 
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FicurE 1.—Quartz (Q) ToncuE Curtinc K FELpspar (K) IN HORNBLENDE ADAMELLITE (Table 1, No. 3) 

Cleavage in K feldspar indicated by nearly vertical fine dark lines; its'influence on form of quartz margin 

isapparent at edge of dark spot below center. Perthitic inclusions in K feldspar form pale diagonal lamina- 

tion. Straight edge near end of quartz tongue conforms to this structural line. Crossed nicols, X 50 diameters. 

FicurE 2.—Quartz Grains (Q) Fottowrmnc Marcins BETWEEN PLaGIOcLAsE (P) AND PERTHITIC K 
FELDSPAR (K) 

Lines enclose groups of quartz grains having identical optical orientation. Two units of K feldspar and 
plagioclase, in each of which the two feldspars have the same optic orientation, top right and lower left, 
meet along irregular zone of quartz grains. Adamellite with accessory hornblende and biotite (Table 1, 
No. 10). Crossed nicols, X18 diameters. 

FicuRE 3.—PLaGIocLAsE (P) ConTAINING BLocky ANTIPERTHITIC INCLUSIONS (DARK) 

Quartz grain (Q) surrounded by zone of secondary clouding which contains brightly birefringent flecks. 

Biotite-hornblende adamellite dike cutting anorthosite (Table 5, No. 7). Crossed nicols, X70 diameters. 
FIGURE 4.—RAGGEDLY INTERGROWN PLAGIOCLASE (P) AND K FEeLpspar (K) WitH SAME 
OpticaL ORIENTATION 

Quartz (Q) lobes indent both feldspars, and tongues follow grain margins. Leucoadamellite from interior 
zone of intrusive (Table 1, No. 8). Crossed nicols, X18 diameters. 

FicuRE 5.—PLaGiocLasE (P) LENs CONTAINING CorE OF MASSIVE SILLIMANITE (S) FRINGED BY GREEN 
SPINEL CrysTAts (H) 

Lenses restricted to bands composed of K feldspar (K) and biotite (B) in biotite-hypersthene-cordierite 
granitic gneiss. Plain light, 60 diameters. 

FicuRE 6.—SYMPLEKTITE OF CORDIERITE AND VERMICULAR HyPERSTHENE (Dark) RimmeEp By Mosaic 
HYPERSTHENE (H) AND CONTAINING RESIDUAL CoRE OF DEEPLY EMBAYED GARNET (G) 

Flakes of biotite (B) involved with the hypersthene rimming near biotite bands of the gneiss. Q = 

quartz. Biotite-hypersthene-cordierite granitic gneiss (Table 6, No. 8). Plain light, X20 diameters. 
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K feldspar grain. Its outline is influenced by 
the cleavage cracks and perthitic veining in the 
feldspar. Planes of weakness must have devel- 
oped in the K feldspar before the present form 
of the quartz developed, and at least some re- 
placement is indicated. 

Small, well-rounded quartz grains embedded 
in feldspar and hornblende might be cross sec- 
tions of quartz tongues. However, in hand spec- 
imens under the binocular microscope an occa- 
sional independent spherical grain with finely 
frosted surface is seen which has so little sup- 
port that it can be interpreted only as an inde- 
pendent sphere, and probably most of the small 
grains have a similar form. 

Small, irregular, rounded quartz grains often 
follow margins of other minerals, and even lines 
of weakness within them (PI. 2, fig. 2). Such a 
distribution suggests the introduction of quartz 
along boundaries after consolidation of the en- 
closing minerals, or crystallization contempo- 
raneously with them. The grains form groups 
with uniform optical orientation (Pl. 2, fig. 2). 
The individual grains of such groups are so 
short and so widely scattered that their com- 
mon optical orientation cannot be explained by 
assuming they are connected outside the plane 
of the section. Small grains are often shaped 
like distorted drops of viscous fluid. 

Group optical orientation of quartz is char- 
acteristic of the coarse-grained rocks in the 
interior of the adamellite but is rare or absent 
in the finer-grained marginal zone and associ- 
ated dikes, where the quartz forms independent, 
lobate, rounded grains cutting the other min- 
erals. Occasionally it forms distinctly xeno- 
morphic, interstitial ramifications of uniform 
optical orientation that suggest diabasic texture 
and the last crystallization in the rock. 

If slower cooling in the interior of the ada- 
mellite body permitted these interstitial resi- 
dues to penetrate the adjacent minerals during 
and after consolidation, the lobate projections 
of larger grains might result. Some of the 
undulate contacts would form during simulta- 
neous growth of quartz and feldspars in the final 
stages of consolidation. Breaking up of inter- 
stitial ramifications by solution at necks and 
redeposition in sections of greater stability 
might result in group optical orientation of 
independent grains. Solution and redeposition 
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would produce replacement phenomena. The | 
participation of solvents is shown by abundant me 
haloes of clouding in plagioclase adjacent to res 
quartz grains (PI. 2, fig. 3). ”" 

Preferred orientation in response to stress js = 
not a satisfactory explanation of the complex be ‘ 
relations because there is no other evidence of mi 
stress. A stress field would not produce over. - 
lapping areas with different group orientation pe 
as in Figure 2 of Plate 2. In the section on facies it 
interrelations the evidence is against introduc. " 
tion of material from outside the immediate . 
rock, and, if that conclusion is valid, the quartz ~ 2 
textures have not resulted from large-scale re. Ir 
placement. ‘th 

Antiperthitic inclusions are almost universal | Mr 
in the plagioclase of the adamellite. They are | a 
least common in the biotite facies. They tend is 
to form rectangles 0.02 mm across and to have | ra 
straight edges parallel to the twin lamellae of I evid 


the plagioclase and perpendicular to them (Pl.§ 

2, fig. 3). By increase in size and irregularity of}. 
: ; ; @ tinw 

outline they grade into small fluidly rounded § pane 

inclusions of K feldspar whose antiperthitic | the 

character is not obvious. I tion 

Perthitic inclusions are also nearly universal § 

in the K feldspar. They are absent from only a) |. 

: sligh 
few rocks of the marginal zone where the K jon 
feldspar content is low. Two types may be 5 the 
present in the same grain of K feldspar, but} the | 
they are generally restricted to different rocks, § tion 

In one type of perthite the inclusions are) P 
minute parallel oriented spindles that range in in h 
size, sometimes within a single grain, from in- 
dividuals large enough to be resolved under the with 
microscope to swarms of minute individuals 
indicated only by faint mottling of the feldspar. thei 
This type occurs chiefly in the marginal zone 
and in dikes associated with the adamellite. thin 

In the other type, inclusions form a wavy,) 4; 
subparallel reticulation, ranging from fine lines bloc 
to veins so thick that they show plagioclase 
twinning in some pegmatitic rocks. This type), 
is best developed in the interior zone of the} - 
intrusive and is characteristic of microcline (left | twi 
side of Pl. 2, fig. 2). It accounts for the lamellar § “ 
appearance of the K feldspar in Figure 1 of les 
Plate 2. lie 

There are also very ragged intergrowths of § ;, dj 
plagioclase and K feldspar (Pl. 2, figs. 2, 4), qua 
which suggest that the plagioclase has been it-§ , 








ena. The 
abundant 
jacent to 


regularly replaced by the K feldspar to form 
‘residual islands of plagioclase and advanced 
tongues and outliers of K feldspar. The two 
minerals are in optical continuity insofar as can 
be told without the aid of universal-stage tech- 
niques. Also the perthitic plagioclase in the K 
feldspar has the same optical orientation. This 
‘uiformity of orientation is present in all the 
specimens from the adamellite interior zone 
: ‘but is absent in the marginal zone and associ- 
introduc. ated dikes. The intersection between areas of 
mediate  uiform optical orientation is irregular and con- 
€ quartz F used (Pl. 2, fig. 2). 
“a rey Imegular, often corroded plagioclase grains 
: | with random orientation occur embedded in the 
averse | intergrowths. They can be recognized by less 
They are § ragged contacts with K feldspar, and sometimes 
ey tend by an albitic rim less than 0.02 mm thick. The 
to have tim is so sharply defined that Becke lines are 
nellae of evident between it and both the plagioclase and 
— (Pl. the K feldspar. It appears to be in optical con- 
larity of tinuity with the plagioclase. Vein perthitic 
rounded streamers generally terminate sharply against 
perthitic the plagioclase inclusions with random orienta- 
tion but in places penetrate them deeply. Such 
penetrating tongues have refractive indices 
slightly lower than those of the inclusions. The 
streamers appear to be late fracture fillings in 
the K feldspar that only occasionally penetrate 
the plagioclase inclusions with random orienta- 
t rocks, jn 
oe ae Probably the large blocky feldspars, evident 
Whee in hand specimens of adamellite from the in- 
A terior zone, are composed of the intergrowths 
with uniform optic orientation. That would 
, donee z explain the variable composition observed when 
al aan their powder was examined. Such intergrowths 
lite. ; make up the largest individual areas in the 
ne 3 thin sections, as they should on the basis of 
a meal ‘ this interpretation, but are So irregular that the 
rioclase fl blocky outlines visible in the hand specimen 
is typed cannot be traced in the thin section. 
of the & In coarser rocks some of the plagioclase grains 
ne (left are divided into rounded blocky areas in which 
nail twinning lamellae and extinction are slightly 
Sa variable, as though the segments had been dis- 
located. Fluidly elongated quartz grains may 
lie along the boundaries between the segments, 
indicating planes of weakness along which 
quartz could move. Rarely such dislocations 
are sufficiently coarse and well developed to be 
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visible under the hand lens on plagioclase cleav- 
age faces. Around the falls near the mouth of 
Koghaluk Brook, Lat. 56° 09.5’ N., Long. 61° 
46.0’ W., the rock consists of such feldspar 
grains separated by a reticulation that is high 
in medium-grained mafics. The texture suggests 
granulation and probably indicates strain dur- 
ing consolidation. Localization of the phenom- 
enon, and lack of other indications of strain 
suggest the stress was slight and local. 

In the marginal zone and dikes relations be- 
tween K feldspar and plagioclase are more 
normal than in the coarse-grained rocks of the 
interior zone. The K feldspar is more commonly 
interstitial, and much of the plagioclase tends 
to be lathlike. Even here the plagioclase seems 
resorbed or corroded, with straight edges tend- 
ing to be undulate and corners rounded against 
the K feldspar. 

Myrmekitic intergrowths are limited to the 
marginal zone and dikes. The vermiculations 
occur in irregular marginal portions of plagio- 
clase grains at contacts with K feldspar. Re- 
fractive indices indicate they are quartz, or 
possibly K feldspar in rare cases. Localization 
of this intergrowth in the marginal zone and 
dikes indicates it has been caused or preserved 
by relatively rapid cooling. 

The obvious explanation of the quartz and 
feldspar textures is replacement of plagioclase 
and fayalite by K feldspar, and all these min- 
erals by quartz. The adamellite margin and its 
inclusions demonstrate the intrusion of a 
magma into the space occupied by the adamel- 
lite series. Several lines of evidence indicate 
that the rock units which crystallized from the 
magma were in the present range of composi- 
tion. In the section on Facies Interrelations 
variations in composition throughout the ada- 
mellite series were shown to agree better with 
magmatic differentiation than with large-scale 
introduction of quartz and K feldspar. The 
presence of fayalite and hedenbergite in one 
facies make it unlikely that the rock was an 
ordinary diorite modified by large-scale intro- 
duction of quartz and K feldspar. Thus the 
textures of these minerals must be the result 
of primary crystallization or a deuteric rear- 
rangement of the minerals. Possibly a combi- 
nation of the two processes could produce the 
observed results; primary crystallization could 
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account for the major distibution, and replace- 
ment could modify the details of contacts. 


DIABASE DIKES 


The diabase dikes along this section of the 
Labrador coast have been described (Wheeler, 
1933). They are younger than the adamellite 
but are much less common in the adamellite 
than in the near-by anorthosite. 


ANORTHOSITE 


The anorthosite body on the north side of 
the adamellite intrusive has been described 
(Wheeler, 1942, p. 613-619). Within the map 
area it is coarse-grained, dark gray, and con- 
tains a variable amount of mafics among which 
olivine is important. Diabasic textures are com- 
mon, and flow banding is rare and poorly de- 
veloped. Chatoyance is uncommon. The com- 
position of rocks in this body is given in Table 
6, analyses 2 and 3. 

Olivine from several specimens was examined 
in refractive-index liquids. In no case did Y 
exceed 1.74. This indicates a maximum fayalite 
molecular content of 40 per cent. The difference 
between the olivine in the anorthosite and the 
fayalite in the adamellite precludes any possibil- 
ity that the fayalite is a contamination from the 
anorthosite unless it has been entirely reconsti- 
tuted. 

The Tunungayualuk Island (Lat. 56° 05’ N., 
Long. 61° 15’ W.) anorthosite averages paler 
gray, coarser-grained, and lower in mafics than 
the northern anorthosite. Olivine was not noted, 
and chatoyance is quite common. Diabasic tex- 
ture is prevalent, and flow structure was not 
observed. A clotted fabric resulting from aggre- 
gation of the mafic minerals (PI. 1, fig. 3) occurs. 

The anorthosite in the Illuerghoyakh Island 
area (Lat. 55° 55’ N., Long. 61° 00’ W.) is dark 
gray, with mafic content often high and includ- 
ing olivine. Chatoyance was not found. The 
rock resembles the northern anorthosite more 
than that on Tunungayualuk Island. Flow 
structure is not prominent, and diabasic tex- 
ture occurs. Clotted fabric like that in the 
Tunungayualuk area was noted. Analysis 4 of 
Table 6 represents rock relatively high in mafic 
minerals from this body. The high mafic con- 
tent and smaller grain make its anorthositic 
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character questionable. However, locally alo 
the west side of the island the grain size is ven 
coarse, and the mafic content decreases so tha 
there is little doubt of the rock’s affinities, 
Theoretically diabasic texture should be de. 
stroyed by differential flow during the lat: 
stages of consolidation and should not occur i: 
rocks showing flow structure. In the anorthosit; 
of this region the two are almost never asso. 
ciated, and the presence of diabasic texture may 
be considered a relaible criterion for the ab. 
sence of strong differential movements durin} 
or after consolidation of the pyroxenes. 
Strongly developed flow structures are char- 
acteristic of the anorthosite at gneiss contacts, 
and they indicate the original margins of the 
anorthosite intrusive. Their absence from mar-) 
gins of anorthosite adjacent to adamellite in. 
dicates the adamellite has not been injected) 


along the anorthosite margins but has pene} 
trated the anorthosite body. This is the basis) 


for mapping anorthosite along the whole south- 
ern boundary of the adamellite though it has 


BASEMENT GNEISS COMPLEX 


Both graphitic garnet gneisses and pyroxene 
gneisses (Wheeler, 1942, p. 630-632) occur 
within the area. Their relationships are com- 





plex. The pyroxene gneisses occur north andj 
east of the adamellite area. They are well 
banded, with a wide variation in mafic content 
in different bands. They are medium-grained} 
granoblastic. Plagioclase is the most abundant| 
light mineral. Quartz may be present. K feld-) 
spar is generally absent. Pyroxene (clinopy-| 
roxene, hypersthene, or both) is usually a major 
constituent. Hornblende commonly accom-| 
panies the pyroxene. Biotite is less abundant. 
Presence of such complex associations and ab- 
sence of critical assemblages make it difficult to 


pyroxene in gneisses near the anorthosite as 
compared with the Hopedale region to the 
south (Fig. 1) suggests that the anorthosite in- 
trusive has raised the grade of metamorphism 
in the gneisses around it. Persistence of massive 
hornblende with the pyroxenes indicates that 
the gniesses do not belong to the granulite 
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facies. The associations are most like those of 
the almandine-diopside-hornblende subfacies of 
theamphibolite facies (Turner, 1948, p. 87-88), 
though no garnet has been found in this group. 
Modal analyses of pyroxene gneisses are given 
in Table 6, Nos. 5-7. 

Within the area garnet gneisses are restricted 
tothe region west of the adamellite. They have 
an uneven texture with coarse garnet porphyro- 
blasts and elongated plates of quartz set in a 
medium-grained groundmass of feldspars and 
biotite. Most of the biotite is concentrated in 


‘bands and shows preferred orientation. The 


elongated grains of quartz lie parallel to the 
| general direction of foliation and in many places 
impart a marked lineation to the rock. Foliation 
bends around both the quartz and garnet. K 
feldspar, generally a major constitutent, is 
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perthitic and lacks microcline twinning. Occa- 
sional mafic bands or lenses high in hornblende 
occur. Unusually massive sillimanite is present 
in very small amounts. Some grains form the 
core of a plagioclase pod in which green spinel 
crystals are embedded (PI. 2, fig. 5). The pods 
are elongated in the general direction of the 
foliation, which bends around them. Occasion- 


ally a spinel crystal with its enclosing plagio- 
dase indents the sillimanite as though forming 


at its expense. The plagioclase was identified 
by its relief, interference color, and rare single 


th andl twins. It is too fine-grained to give an optical 


figure and may be cordierite. This pod structure 


contellll about sillimanite has been found in only one 
» thin section of a rock from near the adamellite 


margin. The modal analysis of the band in 
which it occurs is given by No. 9, Table 6. 


_ Small amounts of massive sillimanite have been 


found in specimens of garnet gneiss far to the 
west and north of the area, and therefore the 
sillimanite is considered more than a local prod- 
uct of contact metamorphism adjacent to the 
adamellite. The garnet breaks down into cor- 
dierite and hypersthene, which indicates that 
it is almandine-pyrope. The association alman- 
dine-sillimainite-orthoclase is critical for the 
sillimanite-almandine subfacies of the amphibo- 
lite facies (Turner, 1948, p. 85), and the garnet 
geiss series may be tentatively assigned to 
this subfacies. 

Graphite is found in several specimens. In 
conjunction with the aluminous character of 





CONTACT METAMORPHISM 1055 


the gneisses as indicated by the presence of al- 
mandine and sillimanite, it is good evidence 
that the formation is sedimentary. 


Contact METAMORPHISM 


The effect of contact metamorphism is seen 
in the transformation of garnet into cordierite- 
hypersthene symplektite in the garnet gneiss 
west of the adamellite (Pl. 2, fig. 6). The cor- 
dierite forms a mosaic of irregular grains. Where 
the texture is least confused they extend from 
the margin of the intergrowth to the garnet 
core, expanding slightly toward the garnet, like 
plumes, and cutting into it with rounded tips. 
The hypersthene forms dactylic intergrowths 
in the cordierite that diverge like the plamate 
veining of a leaf in the plumose cordierite grains. 
Some of the hypersthene forms rounded irregu- 
lar, elongated plates, and the more vermicular 
shapes may be sections across such plates. The 
intergrowth is rimmed by a mosaic of coarser, 
equant hypersthene grains which probably in- 
dicate the original limits of the garnet porphyro- 
blast. Deeply embayed remnants of garnet form 
the core of the intergrowth in Figure 6 of Plate 
2. Usually nothing remains of the garnet. Where 
the hypersthene mosaic rim forms re-entrant 
angles, the tip of the angle is generally expanded 
into a rounded mass of hypersthene grains. The 
rounded areas of mosaic hypersthene occa- 
sionally found within the symplektite area are 
probably sections across such expansions at re- 
entrant angles that lie outside the plane of the 
section. 

For 1-2 miles west of the western edge of 
the adamellite in the section south of Hardhead 
Brook (Lat. 56° 16’ N., Long. 62° 06’ W.) where 
gneiss begins to predominate, garnet gradually 
increases and cordierite streaks and augen in the 
gneiss decrease. The change appears to be re- 
lated to the adamellite contact rather than the 
anorthosite, though the two are so intimately 
associated the possibility of anorthosite having 
produced the metamorphism cannot be ex- 
cluded. 

The reaction is expressed by the formula 


4(Mg, Fe)3Al2(SiO«)s + 6SiO2 + H.O — 


garnet quartz water 
H.(Mg, Fe)sAlsSi10037 + 8(Mg, Fe)SiO; 
cordierite hypersthene 
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The silica could be derived from quartz in these 
granitic gneisses or could be introduced with 
the water from the magma producing the meta- 
morphism. The reaction indicates a change from 
the amphibolite facies to the pyroxene hornfels 
facies. The other major constituents are stable 
in both facies. No other indications of contact 
metamorphism were noted in the garnet gneisses 
except possibly the formation of spinel associ- 
ated with sillimanite. Analyses 8, 9, and 10 of 
Table 6 show the composition of the garnet 
gneiss near the outer limit of the contact-meta- 
morphic zone. 

Possibly pyroxene in the gneisses near the 
anorthosite has developed because of a change 
in metamorphic grade accompanying the an- 
orthosite intrusion. In No. 7, Table 6, the mas- 
sive hornblende and biotite are unusually 
coarse-grained, suggesting they may be prophy- 
roblasts formed during cooling of the near-by 
anorthosite. 

Any contact metamorphism in the anortho- 
site must be caused by the adamellite since 
there is no other major intrusive in the region 
younger than the anorthosite. Biotite is more 
noticeable than usual for about a mile from the 
adamellite north of Tessiuyakhsoakh Bay. Un- 
der the microscope it is generally paler brown 
than the accessory biotite associated with black 
ore throughout the anorthosite. This might be 
a magnesian biotite derived from hypersthene 
by contact metamorphism. Very fine-grained 
parallelograms of this pale biotite disseminated 
through big primary plagioclase grains in the 
same rock may be the product of metamor- 
phism. 

Within a few yards of adamellite at some 
contacts pyroxene grains in anorthosite break 
down into dark aggregates of fine-grained ma- 
terial that appears to be hornblende and biotite. 
Occasionally residual pyroxene cores remain in 
these aggregates. The alteration seems to result 
from contact metamorphism, but it is not pres- 
ent at all contacts. Probably it was developed 
only where the anorthosite permitted pene- 
tration of solutions. 

Endomorphic changes in the adamellite are 
not prominent. In places there may be a slight 
concentration of dark minerals within inches of 
contacts with the walls or xenoliths. At a few 
contacts with anorthosite the finer-grained ada- 
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mellite along the walls and in apophyses ; ; 
slightly lower in dark minerals than the coarse, Fayali 


grained rock farther from the contact. and is 

of hyp 

SUMMARY AND CONCLUSIONS entiate 

eae 

Soon after the consolidation of anorthosit “A 
Ba 


which had been intruded as a highly viscoup, re 
mass into the basement gneiss complex, a la 

body of highly fluid adamellite magma intrudej sate 
both the anorthosite and adjacent gneiss. Thy we 
main mass of the adamellite was preceded byg Poe 
small amount of more basic magma which fornj f 
finer-grained marginal facies and dike rocks, vd , 

Both anorthosite and gneiss were extensivel 0 
fractured during the intrusion of the adamellite) ts 
and abundant inclusions and apophyses formed we 
The inclusions were disoriented, and some we : 
moved considerable distances. Absorption ¢ 
xenolithic material by the magma was nop 
prominent. 

Major movements in the magma had ce le alc 
by the time it was viscous enough to presery om 
gross structures. Only minor currents in th ae 
channels between inclusions and in apophysef — 
are indicated by flow structures and strained 
quartz or feldspar grains. Cooling was sufi 
ciently rapid to reduce the grain size of the rod 
at margins and in apophyses. 

The magma formed four mineral facies char 
acterized by the discontinuous reaction serie 
hypersthene, fayalite, hornblende, and biotite 
The bulk of the intrusive belongs to the hom: 
blende facies. In it plagioclase and K feldspar, 
generally showing microcline twinning, are pres} ; 
ent in about equal amounts; hornblende is the ; 
most prominent mafic; and fayalite and pyror} 
enes are unstable relics. The hypersthene facies prim 
occurs chiefly along the margins of the intrusive 7, 
and in near-by dikes. Plagioclase is more abun), 
dant than K feldspar in this facies, and the Kj ,,.. 
feldspar rarely shows microcline twinning. B ror 
Clinopyroxene is more abundant than hyper§ ;,,, 
sthene, and fayalite is rare. The fayalite facies) ,..,, 
occurs both marginally and in the interior lp 
the intrusive. The amount of rock of this rabl 
facies and its position in the series is uncertail.§ , Dp 
Abundant calcic plagioclase and absence df .. 
microcline twinning in some rocks indicate they 
formed early. In other rocks the proportion of 
K feldspar is high, suggesting later consolida- 
tion, but microcline twinning is not prominent 
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Fayalite is subordinate to other mafic minerals 
and is not accompanied by significant amounts 
of hypersthene. The biotite facies is a late differ- 
entiate with transgressive relations toward the 
_Pother facies, and in places is pegmatitic. Almost 
Tall K feldspar shows microcline twinning, and 
rocks with a high proportion of plagioclase 
“among the feldspars are less common than in 
“* the other facies. The rocks are very leucocratic, 
* and biotite is the only important dark mineral. 
| Interpenetrations of plagioclase and K feld- 
| spar that have the same optical orientation are 
‘abundant in the interior of the adamellite body. 
“They form large crystals that suggest pheno- 

crysts, but their outlines, though blocky, are 
anhedral and poorly defined. Details of the in- 
Ttergrowth indicate replacement of plagioclase 
} by K feldspar. Quartz forms lobate to spherical 
‘grins that cut deeply into the feldspars and 
dark minerals. Small irregularly rounded grains 
“? lie along boundary planes, and many groups of 
Pthem have uniform optic orientation. Their 
{forms often resemble distorted drops of a vis- 
jcous fluid. Details of texture indicate that 
quartz has replaced other minerals. The major 
rations between plagioclase, K feldspar, and 
quartz are the result of primary crystallization 
fom magma with essentially the composition 
of the present rocks. Before the temperature 
‘had fallen far below that at which consolidation 
vas completed the primary textures were modi- 
fed by solution at points of minimum stability 
_ | aid redeposition at points of maximum stabil- 

‘ity, thus producing the details of texture that 
» indicate replacement. In the finer-grained mar- 
} ginal rocks chilling prevented formation of the 
primary intergrowths and deuteric movements. 
There the textures are more normal. 

Massive hornblende formed by reaction be- 
tween pyroxene and magma. The simultaneous 
growth of other minerals so interfered with its 
form that it developed a diffusely poikilitic 
texture. 

The rocks invaded by the adamellite are a 
gabbro facies of anorthosite containing olivine, 
4 purer anorthosite containing chatoyant pla- 
gioclase, variable dioritic and tonalitic gneisses 
containing both pyroxene and hornblende, and 
pale garnet-biotite gneisses of sedimentary 
origin, 

The chief contact-metamorphic effect of the 
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adamellite is the transformation of garnet in 
the sedimentary gneiss into a symplektite of 
cordierite and hypersthene, indicating a change 
of metamorphic facies from the amphibolite 
facies to the pyroxene hornfels facies. 

Diabase dikes are the only intrusives younger 
than the adamellite complex, and they are less 
numerous in it than in the older rocks. 


CHEMICAL ANALYSES 


Table 7 shows chemical analyses and norms 
of three mineral facies from the adamellite in- 
trusive. The analyses were made after the 
paper was completed so that discussion of them 
cannot be integrated with it. 

Analysis 1 represents typical material from 
the hornblende facies well within the adamel- 
lite body. The material selected for analysis 
was sound and fresh, but the sample submitted 
was scarcely sufficient on the basis of the maxi- 
mum grain size. 

Analysis 2 represents fresh, sound material 
characteristic of the biotite facies of the 
adamellite. 

The rock for analysis 3 was selected to rep- 
resent the fayalite facies of the adamellite 
despite uncertain field relations, because other 
specimens containing more fayalite were not 
fresh enough for analysis. Even this specimen is 
slightly brown-stained, but the thin section 
shows very little indication of weathering. The 
low water content shown by the analysis indi- 
cates only slight weathering. 

The rock for analysis 4 was selected to rep- 
resent the fayalite facies as it occurs in the 
marginal zone of the adamellite intrusive 
though the content of fayalite and other mafics 
is lower than usual. The degree of weathering 
is about the same as that of the rock for analysis 
3. The fayalite is slightly altered, but the alter- 
ation appears to be of a more fundamental 
nature than surface weathering, and might be 
deuteric. 

No material was selected to represent the 
hypersthene facies of the intrusive because 
suitable material for analysis is not available, 
and because the petrographic characteristics 
of the facies are so variable that no specimen 
can be considered representative of the facies, 
nor of any large volume of rock. 

The comparison of norms and modes of the 
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TABLE 7.—CHEMICAL ANALYSES OF ROCKS FROM ADAMELLITE INTRUSIVE WITH Norms 
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0 aS: 25.27 38.18 7.57 28.35 (gest ir 
Orthoclase.............05. 21.68 26.69 15.92 36.64 Result 
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Mol. % An in normative Simi 
“Ean 34 18 45 32 is in a 
Mol. % An in modal plag.... 15 15-5 27 22 iprincg 
existed 
1. Specimen 2-747, adamellite, from Pitsiulaksit Island, southeast point. Lat. 55° 59.5’ N., Long. 61° large-s 
14.6’ W. Modal analysis given as No. 8, Table 1. Weight of sample 212 g. Maximum grain 4.5 mm. analys 
2. Specimen 2-923, leucoadamellite with accessory biotite, from point east of Brown Bight, Lat. 56° ¥ th ¢ 
13.0’ N., Long. 61° 37.3’ W. Modal analysis given as No. 5, Table 2. Weight of sample 130 g. Maximum ae 


grain 2.5 mm. 

3. Specimen 2-329, fayalite-clinopyroxene-hornblende adamellite from Cape Uivakh, Lat. 56° 13.8’ N., 
Long. 61° 20.0’ W. Modal analysis given as No. 2, Table 3. Weight of sample 339 g. Maximum grain 2.5 
mm. 

4. Specimen 2-909, granite with accessory hornblende and fayalite, from north of Sangmiyokh Khik- 
kertaluk Island, Lat. 56° 18.0’ N., Long. 61° 51.9’ W. Modal analysis given as No. 7, Table 3. Weight of 
sample 108 g. Maximum grain 1.1 mm. 
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REFERENCES CITED 


analyzed rocks is quite satisfactory. Quartz, 
“total feldspars, and total mafics agree closely. 
‘The excess of modal K feldspar in every anal- 
ysis probably gives a measure of the amount of 
D perthitic plagioclase intergrown with the K 
feldspar in the rock. 
’ The lack of correspondence between the 
) molecular percentage of anorthite in the nor- 
B © mative and modal plagioclase is the most per- 
® plexing discrepancy. In every case the norma- 
“tive plagioclase is considerably more calcic. 
"Bowen (1928, p. 141-142) points out that the 
peste content of the normative plagioclase 
“tends to be higher than that of modal plagio- 
"clase because the alumina of modal augite will 
e be calculated as anorthite in the norm. Horn- 
* blende and biotite will have the same effect and 
are present in all the rocks analyzed. However, 
‘the same argument demonstrates that total 
‘normative plagioclase should be correspond- 
ingly higher than modal plagioclase. Such an 
excess occurs only in analyses 1 and 4, and it 
isnot large enough to account for the excess of 
anorthite in the normative plagioclase. The 
composition of the modal plagioclase is derived 
from refractive-index determinations on cleav- 
age fragments in index oils using white light. 
Results appear to be reproducible within 5 per 
cent An. Possibly the plagioclase index is 
slightly reduced by isomorphous K feldspar. 
| Considering that the main body of this paper 
was written without benefit of the chemical 
analyses, the conclusions reached are quite 
satisfactorily in agreement with those to be 
derived from the analyses. The high soda: 
potash ratio, particularly in analyses 1 and 3, 
isin accordance with the classification of the 
intusive as adamellitic. 
} Similarity of analyses 1, 2, and 4 to rhyolites 
is in agreement with the conclusion that the 
principal rocks of the adamellite series have 
ested as magmas and were not formed by 
large-scale metasomatism. The resemblance of 
alysis 2 to analyses of aplite accords well 
with the conclusion that it is a late differen- 
tate of the adamellite magma. The lampro- 


























1059 


phyric affinities of analysis 3 suggests it may 
be a complementary basic differentiate of the 


magma. 
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PLAGIOCLASE SILICA 


By R. C. Emmons 


The writer reported (Emmons, 1953, Chapter Analysis of plagioclase FD 109 (R1316) 
2) 32 chemical analyses of plagioclase feldspar, New analysis by the Rock Analysis Laboratory, 
'5 of which, supplied by Dr. C. S. Ross, are University of Minnesota; old analysis by L. C. 
| specimens from pegmatites, veins, and similar Peck 

















‘environments. The other 27 samples were | 

‘obtained from common rocks by separation. a = 
‘Hence, two quite different environments are SiO 49.04 | 48.74 
p represented. The analyses of Ross’ samples, AleOs 32.17. | 32.85 

| mde by Dr. R. D. Stevens, show a slight FeO; 33 | 31 
\ deficiency of silica, and those by L. C. Peck FeO 10 09 
show @ corresponding excess of silica. Both MgO .08 | .13 
departures from the ideal were interpreted as a CaO 15.44 | 15.45 

i relection of their geologic environments. NazO 2.49 | 2.36 
However, Dr. S. S. Goldich of the Rock K:O AD | -19 
Analysis Laboratory felt that a check should H,0+ 120 | -10 

be made since the values were being used i Qo = 
interpretatively, and he and his staff reanalyzed . : ‘ 

_one of the samples. The analyses, reproduced 100.01 | 100.27 

here, effectively confirm the high silica content 

of the feldspar. Apparently there is a tendency Reference Cited 

% 1" piagincinne : ‘ Ge on ng erode Emmons, R. C., Editor, 1953, Selected petrogenic 
adight excess of silica, possibly for the reasons relationships of plagioclase: Geol. Soc. America 
gven (Emmons, 1953, p. 15). These analyses Mem. 52, 142 p. 

are of sample No. 26 (FD109). Univ. oF WIscoNsIN, MADISON, WIS. 
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